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ABSTRACT
The donor p r o p e r t i e s  o f  th e  h e a v ie r  atoms o f  groups IVA, VA, and 
VIA of th e  p e r io d ic  t a b l e  toward t r a n s i t i o n a l - m e t a l  s u b s t r a t e s  have 
evoked c o n s id e r a b le  i n t e r e s t  in  r e c e n t  y e a r s .  C o n sp icu o u sly  la c k in g  
from such s tu d i e s  have been s i g n i f i c a n t  i n v e s t i g a t i o n s  o f se le n iu m  and 
te l lu r lu m - d o n o r  p r o p e r t i e s ,  i n  c o n t r a s t  to  numerous s tu d i e s  o f  s u l f u r -  
donor l i g a n d s .  The a p p a re n t  la c k  o f  i n t e r e s t  in  se le n iu m  and t e l l u r i u m -  
c o n ta in in g  l ig a n d s  may be a t t r i b u t e d  in  p a r t  t o  th e  obnoxious  c h a r a c t e r  
o f  many compounds o f  th e s e  e le m e n ts .  N e v e r th e l e s s ,  co m p ara t iv e  s t u d i e s  
o f  d o n o r - p r o p e r t l e s  o f  an a lo g o u s  l ig a n d s  c o n ta in in g  s u l f u r ,  se len ium  
and t e l l u r i u m  a r e  d e s i r a b l e .  I n v e s t i g a t i o n s  o f th e  d o n o r - p r o p e r t i e s  o f 
d ip h e n y l  d i t e l l u r i d e ,  Cs Hs-Te-Te-CeHy, and an a lo g o u s  s u l f u r  and se le n iu m  
compounds, toward n -c y c lo p e n ta d ie n y l  t r a n s i t i o n a l - m e t a l  s u b s t r a t e s  have 
been c a r r i e d  o u t ,  and a number o f  new o r g a n o m e ta l l ic  compounds has  been 
p re p a re d .  These new compounds in c lu d e  th e  f i r s t  exam ples o f se le n iu m  
and te l lu r iu m -d o n o r  l ig a n d s  bonded to  n - c y c lo p e n ta d ie n y lm e ta l  c a rb o n y l  
s u b s t r a t e s .
Diphenyl d i t e l l u r i d e  was r e a c te d  w ith  n -cyclopen tad ieny lm olybdenum  
t r i c a r b o n y l  d im e r ,  [n-CpMo(CO)3 ] 2 , to  produce a t  l e a s t  fo u r  d i s t i n g u i s h ­
a b le  p ro d u c ts .  A monomer, TT-CpMo(C0)3TePh, was o b ta in e d  a t  25°C in  ben­
zene under th e  in f lu e n c e  o f  low -energy  i r r a d i a t i o n .  At 80°C (o r  110°C) 
i n  r e f l u x i n g  benzene ( o r  to lu e n e )  a d im e r ,  [n-CpMo(CO)£TePh]£ , r e s u l t e d .  
R e a c t io n  o f  the  molybdenum s u b s t r a t e  w ith  e x cess  d ip h e n y l  d i t e l l u r i d e ,  
o r  [n-CpMo(CO)£TePh]£ w ith  d ip h e n y l  d i t e l l u r i d e ,  a t  x y le n e  r e f l u x  
te m p e ra tu re  ( 139°C) produced an a m o r jh o u s - l ik e  s u b s ta n c e  which has  been 
fo rm u la ted  [TT-CpMo(TePh)2 ] x . The l a t t e r  a p p e a rs  to  be a po lym er, b u t
v i i
an a lo g y  w ith  known s u l f u r - d o n o r  c h e m is t ry  s u g g e s ts  a t e t r a - b r i d g e d  
dim er (x  ■ 2 ) .  An In te rm e d ia te  c a rb o n y la te d  s p e c ie s  o f  undeterm ined  
s t r u c t u r e  was a l s o  observed  In  r e f l u x l n g  x y len e  when eq u lm o la r  m ix tu re s  
o f  th e  s t a r t i n g  m a t e r i a l s  were u sed .  I n d i r e c t  ev id en ce  s u g g e s ts  t h i s  
may be a t r l m e r .
The c h e m is t ry  o f  d ip h e n y l  d l s e l e n l d e  w i th  [TT-CpMo(C0)3]2 c l o s e l y  
p a r a l l e l s  t h a t  o f  i t s  t e l l u r i u m  a n a lo g .  E v idence was found f o r  
TT-CpMo(CO)3SePh, [Tf-CpMofCOjgSeFhl^, [TT-CpMo(SePh)g3x and a  p o s s ib l e  
t r lm e r .  The p r i n c i p a l  d i f f e r e n c e  no ted  was th e  f a c i l e  manner In  which 
r e a c t i o n s  in v o lv in g  d ip h e n y l  d l s e l e n l d e  took  p l a c e .  Lower te m p e ra tu re s  
and l e s s  tim e were r e q u i r e d  f o r  com parable  r e a c t i o n s .  Lower therm al 
s t a b i l i t i e s  o f  th e  c a rb o n y la te d  p ro d u c ts  in v o lv in g  se le n iu m  a p p e a r  to  
be a s s o c i a t e d  w ith  t h i s  phenomenon.
The c h e m is t ry  o f  d ip h e n y l  d i s u l f i d e  w ith  th e  molybdenum s u b s t r a t e  
d i f f e r s  m arkedly  from t h a t  o f  th e  d l s e l e n l d e  and d i t e l l u r i d e .  E v idence 
was found f o r  a monomer, b u t  i t  does n o t  ap p ear  to  p o s se s s  th e  s t a b i l i t y  
r e q u i r e d  f o r  s e p a r a t i o n  a s  a  m ajor p ro d u c t .  No e v id e n c e  was o b ta in e d  to  
su g g e s t  t h a t  a  d im e r ,  [n-CpMofCOJsSPhlg, was form ed. However, an  
am o rp h o u s- l ik e  p r o d u c t ,  [TT-CpMo(SPh)2 ] x  and a  p o s s i b l e  t r lm e r  were 
r e a d i l y  formed under m i ld e r  c o n d i t io n s  th an  obse rv ed  f o r  th e  se len ium  
and t e l l u r i u m  r e a c t i o n s .
R e a c t io n s  o f  TT-CpWfCOJsH w ith  d ip h e n y l  d ic h a lc o n id e s  in  r e f l u x l n g  
s o lv e n t s  y ie ld e d  monomers, TT-CpW(C0)3EPh (E * S e ,  T e ) ,  and ev id e n c e  was 
found to  su g g e s t  t h a t  rr-CpW(C0)3SPh e x i s t e d .  A dim er [n-CpW(CO)s TePh]2 , 
was a p p a r e n t ly  form ed, b u t c h a r a c t e r i s a t i o n  was in c o m p le te .
The th r e e  d ic h a lc o n id e s  a l s o  were r e a c te d  w i th  n - c y c lo p e n ta d ie n y l -  
vanadium t e t r a c a r b o n y l  to  p ro d u c e ,  in  each c a s e ,  p ro d u c ts  fo rm u la te d
v i i i
[TT-CpV(EPh)2 ] x (E ■ S , S e ,  T e ) .  No ev id en ce  was o b ta in e d  to  su g g e s t  
th e  pathway f o r  th e s e  r e a c t i o n s  o r  th e  s t r u c t u r e  o f  th e  a m o rp h o u s - l ik e ,  
h i g h ly  I n s o lu b le  p r o d u c ts .
lx
INTRODUCTION
1. T e llu r ium -D onor  C hem is try :  P e r s p e c t iv e
I n t e r e s t  in  c o o r d in a t io n  among t r a n s i t i o n a l  m e ta ls  h a s  g e n e r a l l y  i n ­
v o lv e d ,  as  donor a to m s, th e  e le m e n ts  o f  th e  m ain  groups IV -V II (e x c e p t  
f o r  th e  s i x t h  p e r io d )  and hydrogen ( s e e  F ig .  l ) .  A c u r s o ry  rev iew  o f  r e ­
c e n t  l i t e r a t u r e  r e v e a l s  t h a t  the  h a lo g e n s  (g roup  V IIA ) , th e  e le m e n ts  o f  
th e  second p e r io d  - -  c a rb o n ,  n i t r o g e n  and oxygen — and hydrogen  have been 
e x t e n s iv e ly  s tu d ie d  in  c o o r d in a t io n  complexes where th ey  a p p ea r  as  donor 
a tom s. S i g n i f i c a n t  numbers o f  p a p e r s ,  which go beyond p r e p a r a t i v e  d eve­
lo p m en t,  have app eared  d e a l in g  w ith  most o f  th e  o th e r  e le m e n ts :  s u l f u r  in
group VIA; p h o sp h o ru s ,  a r s e n i c  and antim ony in  group VA; s i l i c o n ,  g e r ­
manium and t i n  in  group IVA. The r e c e n t  r e p o r t s  o f  donor p r o p e r t i e s  
( m e ta l -m e ta l  bonds) o f  th e  l a t t e r  e lem en ts  a r e  e s p e c i a l l y  no tew orthy1 " 5 .
L i t t l e  s e r io u s  c o n s id e r a t i o n  h as  been g iven  to  th e  e lem en ts  se len iu m  
and t e l l u r i u m  by c o o r d in a t io n  c h e m is t s ,  and th e  symbols f o r  th e s e  e l e ­
m ents i n  Fig* 1 have been red u ced  i n  s i z e  to  em phasize  t h i s  f a c t .  The 
m a jo r i t y  o f  known te l lu r iu m - d o n o r  com plexes , which have been p re p a re d  
and c h a r a c t e r i z e d ,  a r e  due to  th e  work o f  C h a t t  and Venanzi®"8 and 
H ie b e r9 *1 0 . Most o f  th e s e  a r e  r e l a t i v e l y  u n s ta b l e  com plexes in v o lv in g  
c o o r d in a t io n  o f  t e l l u r o e t h e r s  ( s e e  F ig .  2 ,  s t r u c t u r e s  I - I V ) .  There a r e  
a few , how ever, which m ust be d im e r i c ,  in v o lv in g  t e l l u r i u m  in  b r id g in g  
g ro u p s9 ( s e e  F ig .  2 ,  s t r u c t u r e s  V and V i ) .  R e la te d  se le n iu m  c h e m is t ry  
does n o t  seem to  have p ro g re s s e d  f a r  beyond t h a t  o f  t e l l u r i u m .  
L i v i n g s t o n e 's  r e c e n t  rev iew 1 1 , p u r p o r t i n g  to  compare donor p r o p e r t i e s  
o f  th e  c h a lc o g e n s ,  i s  e x c e l l e n t  i n  com paring s u l f u r  and oxygen, b u t  can 
do l i t t l e  more th a n  summarize what p r e p a r a t i v e  c h e m is t ry  i s  known f o r  th e  
h e a v ie r  e lem en ts  o f  Group VIA.
2figure: l
PRINCIPAL ELEMENTS INVOLVED AS DONOR ATOMS*
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( a )  E lem ents  whose symbols a r e  shown in  heavy p r i n t  have been 
th e  o b j e c t  o f  e x te n s iv e  r e s e a r c h .  Those shown in  medium 
p r i n t  have been  s u b je c te d  to  s tu d i e s  g o ing  beyond th e  p r e ­
p a r a t i v e  s t a g e .  E lem ents  in  s m a l le r  p r i n t  a r e  th o se  f o r  which 
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S tru c tu r e s  I -IV ; T e l lu r o e th e r  Complexes. S t ru c tu r e s  V, VI; Bridged A r y l t e l l u r i d o  Complexes.
The a p p a re n t  l a c k  o f  I n t e r e s t  i n  c o o r d in a t io n  c h e m is t ry  o f  s e l e ­
nium and t e l l u r i u m  may p ro b a b ly  be t r a c e d  to  th e  obnoxious c h a r a c t e r  o f  
p o t e n t i a l  l i g a n d s  o f  th e s e  e le m e n ts .  Thus se le n o m e rc a p ta n s  (RSeH) and 
t e l lu ro m e r c a p ta n s  (RTeH) a r e  d e s c r ib e d  a s  h a v in g  r e p u l s i v e  odors  c a p a b le  
o f  a f f e c t i n g  " t h e  whole ne ig h b o rh o o d "1®. D ia lk y l  and d i a r y l  s e l e n id e s  
and t e l l u r i d e s  a r e  e i t h e r  c o l o r l e s s  l i q u i d s  o r  lo w -m e lt in g  s o l i d s  o f  a 
somewhat l e s s  r e p u l s i v e  n a t u r e .  D la ry l  d i c h a lc o n id e s  have been l a r g e l y  
Ignored  a s  p o t e n t i a l  s e le n iu m  and t e l l u r i u m  l ig a n d  so u rc e s  e x c e p t  f o r  a  
few s y n th e s e s 8 *1 0 . Both d ip h e n y l  d l s e l e n l d e  and d ip h e n y l  d i t e l l u r i d e  
a r e  c r y s t a l l i n e  s o l i d s  w i th  v e ry  l i t t l e  obnoxious c h a r a c t e r .  O ther d i ­
a r y l  d i t e l l u r i d e s  a r e  known to  have s i m i l a r  p r o p e r t i e s 1 3 *1 4 . F u r th e r ­
m ore , they  a p p e a r  to  be r e a d i l y  c le a v e d  to  form r a d i c a l s ,  which may be 
in v o lv e d  in  known r e a c t i o n s  o f  a n a lo g o u s  o r g a n o d i s u l f id e s  w ith  t r a n s i ­
t i o n a l  m e ta l  s u b s t r a t e s 14" 1 6 .
2 .  C om parative Donor P r o p e r t i e s  o f  th e  Chalcogens
Fundam ental a tom ic  p r o p e r t i e s  have been used in  an e f f o r t  to  p r o ­
mote u n d e r s ta n d in g  o f  c o o r d in a t in g  a b i l i t i e s  o f  th e  c h a lc o g e n s1 1 , and 
s e v e r a l  such c r i t e r i a  have been assem bled  i n  T ab le  I .  I n s p e c t io n  o f  
t h i s  t a b l e  im m ed ia te ly  r e v e a l s  t h a t  t e l lu r iu m - d o n o r  l ig a n d s  sho u ld  be 
much more p o l a r i z a b l e  th an  ana lo g o u s  oxygen, s u l f u r  and se le n iu m  l i g a n d s ,  
and c h a lc o n id e  l ig a n d s  shou ld  in c r e a s e  in  " h a r d n e s s " 17 in  th e  o rd e r
( s o f t e s t )  Te < Se < S «  0  ( h a r d e s t ) .  ( l )
The p re se n c e  o f  an  a r y l  group bonded to  any o f  th e s e  e lem en ts  - -  
e s p e c i a l l y  s u l f u r ,  se le n iu m  and t e l l u r i u m  - -  may o f f e r  c e r t a i n  d i s a d ­
v a n ta g e s  f o r  s tu d y  in  com parison  w ith  an a l k y l  group bonded to  th e  same 
atom . Phenyl g roups w i l l  be e l e c t r o n  w ith d ra w in g ,  bo th  by in d u c t iv e
5TABLE I
COMPARISON OF ATOMIC PROPERTIES OF THE CHALCOGENS 
E l e c t r o -  Atomic F i r s t
Element n e g a t i v i t y 1® R adius1 9 »a I . P . 2 0 *1* D(Xs»)s ® »c
Oxygen 3*50 0 .6 0 13.61 118
S u l fu r 2 . kb 1 .00 IO .56 101
Selenium 2 . 1*8 1.15 9 .7 5 73
T e llu r iu m 2 .0 1 1 . 1*0 9 .0 1 5^
(a )  In  A n g s tro m 's .  A d d i t io n  o f  0.85A ap p ro x im a te s  io n ic  r a d i i  (Xa _ ) .
(b )  I o n iz a t io n  p o t e n t i a l ,  e l e c t r o n - v o l t s .
( c )  D i s s o c i a t i o n  energy  f o r  d ia to m ic  m o le c u le s ,  k c a l  m ole"1 .
and re so n a n c e  e f f e c t s ,  and w i l l  a p p r e c ia b ly  "h a rd e n "  th e  c h a lc o n id e .  
F u r th e rm o re ,  n .m . r .  s t u d i e s  o f  th e s e  l ig a n d s  in  complexes w i l l  n o t  
y i e l d  as  much u s e f u l  d a t a ,  owing t o  th e  m u l t l p l e t  n a tu r e  o f  th e  phenyl 
re so n a n c e .  These d is a d v a n ta g e s  may be p a r t i a l l y  b a lan ced  by th e  p o s ­
s i b i l i t y  o f  ad d in g  s u b s t i t u e n t  groups to  th e  phenyl ( a r y l )  group f o r  
o b s e rv a t io n s  o f  p o s s i b l e  s h i f t s  in  o b s e rv a b le  chem ica l and p h y s ic a l  
p r o p e r t i e s .  However, the  ad van tage  o f  an u n o f fe n s iv e  l ig a n d  m a t e r i a l ,  
and p o t e n t i a l  advancement o f  se le n iu m  and t e l l u r i u m  donor c h e m is t ry ,  
make th e se  c o n s id e r a t io n s  o f  m inor s i g n i f i c a n c e .
Of a  more tenuous  n a tu r e  i s  th e  r e l a t i o n s h i p  o f  n -b o n d in g  to  
s t a b i l i t y  among th e se  e lem en ts  in  com plexes. S u l f u r ,  se len iu m  and 
t e l l u r i u m  a l l  p o s se s s  v a c a n t  d o r b i t a l s  which m igh t be used i n  m e ta l -  
t o - l i g a n d ,  d ^  “* d ^ ,  d o n a t io n .  T h is  would no rm a lly  be in  c o n ju n c t io n  
w i th  " l a t e r "  t r a n s i t i o n a l  m e ta ls  in  normal o x id a t io n  s t a t e s  ( e . , g . , F ig .  
2 ,  s t r u c t u r e s  I  and I I )  and " e a r ly "  t r a n s i t i o n a l  m e ta ls  in  subnormal 
s t a t e s 1 1 . Perhaps  l e s s  d e f i n i t i v e  (and c e r t a i n l y  more c o n t r o v e r s i a l )  
i s  th e  p o s s i b i l i t y  o f  l i g a n d - t o - m e t a l , j> *• bonding and v i c e  v e r s a  
m e t a l - t o - 1 ig a n d , ^  -* jj^ ,  bond ing . P a r s h a l l 21 has  in d i c a t e d  t h a t  
h a l i d e  l ig a n d s  may be in v o lv ed  in  a  n e t  TT-donor eff€SX ' i n  p l a t i n u m ( l l )  
com plexes. T h is  h as  a l s o  been  a l lu d e d  to  in  an a t t e m p t  to  r e c o n c i l e  a 
low t r a n s - c a r b o n y l  fo rc e  c o n s ta n t  f o r  th e  p se u d o h a l id e  FhsP:Au l ig a n d  
in  Fh3F:Au-Mn(C0)5 3 . The p o t e n t i a l l y  good pseudoha logens  under c o n s i ­
d e r a t i o n  in  t h i s  s tu d y  make t h i s  e f f e c t  a t t r a c t i v e .
I n i t i a l  s tu d i e s  o f  t e l l u r iu m  c o o r d in a t io n  in  t h i s  i n v e s t i g a t i o n  
were begun u s in g  d ip h e n y l  d i t e l l u r i d e  a s  th e  s o u rc e  o f  p h e n y l t e l l u r i d e  
l i g a n d .  Because o f  th e  " s o f t "  c h a r a c t e r  o f  t h i s  l i g a n d ,  a  second o r 
t h i r d  row t r a n s i t i o n a l  m eta l  ca rb o n y l  d e r i v a t i v e  was s o u g h t .  The
e y c lo p e n ta d ie n y l  d e r i v a t i v e ,  [TT-CpMo(C0 ) 3 ] £ , b i s ( r r - c y c lo p e n ta d ie n y l -  
t r lc a rb o n y lm o ly b d e n u m ) , o r a s  i t  i s  more commonly c a l l e d ,  TT-cyclopenta- 
dienylmolybdenum t r i c a r b o n y l  d im e r ,  was s e l e c t e d  f o r  i n i t i a l  s tu d y  be­
cause  i t  ( a )  i s  e a s i l y  p r e p a r e d ,  (b )  i s  a " s o f t "  a c id  in v o lv in g  Mo in  a 
low o x id a t io n  s t a t e  (+1 i f  Cp may be r e g a rd e d  a s  - l )  s t a b i l i z e d  w ith  
s t r o n g  t r -a c c e p to r  CO l i g a n d s ,  and ( c )  h as  been used in  r e p o r t e d  r e a c t i o n s  
o f  o r g a n o s u l f u r  d onors  which a r e  su p p o sed ly  o f  s i m i l a r  c h a r a c t e r  to  th o se  
p roposed  f o r  d ip h e n y l  d i t e l l u r i d e .
3. R e a c t io n s  o f  TT-Cyclopentadienylm etal C a rb o n y ls  w ith  “ S o f t"  Bases
R e a c t io n s  o f  T T -cyc lopen tad ieny lm eta l c a rb o n y l  d e r i v a t i v e s  w ith  
o r g a n o s u l fu r  compounds have been o f  c o n s id e r a b le  I n t e r e s t  in  r e c e n t  
y e a r s 15 »19 »22-36  as  have th o se  w i th  o rganophosphorus  and a r s e n i c  com­
pounds15 » 35-52 . D uring  t h i s  tim e no r e l a t e d  se le n iu m  or t e l l u r i u m  r e ­
a c t i o n s  have been i n v e s t i g a t e d .
P a r t i c u l a r l y  o f  i n t e r e s t  have been r e a c t i o n s  in v o lv in g  th e  d im e r ic  
com plexes , [TT-CpMo(C0)3]a and [TT-CpFe(CO)2 ] 2 , and th e  monomer TT-CpV(C0)4. 
Some r e a c t i o n s  r e l e v a n t  to  s t u d i e s  u n d e r ta k e n  f o r  t h i s  d i s s e r t a t i o n  a r e  
p o r t r a y e d  in  F ig u re s  3 *nd f o r  th e  Mo and Fe s u b s t r a t e s ,  and in  
e q u a t io n s  (2 )  and (3 )  f o r  t h a t  o f  vanadium . These r e a c t i o n s  have i n ­
v o lv ed  sym m etrica l l i g a n d - c le a v a g e  r e a c t i o n s  w i th  d im e th y l  d i s u l f i d e , 3 0 »3a 
te t r a m e th y l  d ip h o sp h in e  and t e t r a p h e n y l  d ip h o s p h in e j3 0 »*° and r e a c t i o n s  
o f  th e  d i s u l f i d e  c h e l a t e ,  b l s ( t r i f l u o r o m e t h y l ) d i t h i e t e n e tz s >3°  (CFsJaCgS^, 
( h e r e a f t e r  r e f e r r e d  to  a s  t d t ) .  These r e a c t i o n s  were c a r r i e d  o u t  under 
n i t r o g e n  in  r e f l u x l n g  h y d ro carb o n  s o l v e n t s ,  and th e  p ro d u c ts  d e p ic te d  
a r e  th e  m ajor ones r e p o r t e d .  A ls o ,  TT-CpV(C0 )4  r e a c t s  w i th  bo th  d im e th y l 
d i s u l f i d e 29 and t d t 3® to  y i e l d  p ro d u c ts  which a r e  an a lo g o u s  to  th o se  
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2 TT-CpV(CO)* + 2MegSs -  [n-CpV(SMe)2 ] 2 + 8C0 (2 )
2 Ti-CPV(C0)4 + 2 t d t  -  CTT-CpV(tdt)]£  + 8C0 (3 )
I t  sh o u ld  be f i r s t  no ted  t h a t  th e  p ro d u c ts  o f  r e a c t i o n s  o f  th e  
i r o n  s u b s t r a t e  a p p e a r  to  a g re e  in  only  one r e s p e c t  w i th  th o se  r e p o r te d  
f o r  t h a t  o f  molybdenum. The p ro d u c t  o f  r e a c t i o n  ( b ) ,  F ig .  3» has  been
s u b je c te d  to  X -ray  d i f f r a c t i o n  a n a l y s i s 32 and i s  r e p o r t e d  to  have fo u r
s u l f u r  b r id g e s  betw een two molybdenum a tom s. The Mo-Mo i n t e r n u c l e a r  
d i s t a n c e  i s  sm a ll  enough to  be d e s c r ib e d  as  a  m e ta l -m e ta l  bond. 
S p e c t ro s c o p ic  e v id e n c e  and o bserved  d iam agnetism  o f  th e  p ro d u c t  o f  th e  
r e a c t i o n  o f  [TT-CpMofCOJslg w i th  d im e th y l  d i s u l f i d e  ( r e a c t i o n  a ,  F ig .  3) 
have been i n t e r p r e t e d  a s  f a v o r in g  a  s i m i l a r  s t r u c t u r e .  The p h y s ic a l  
p r o p e r t i e s  o f  t h i s  s u b s ta n c e ,  how ever, p re c lu d e  unequ ivocal c h a r a c t e r i ­
z a t i o n .  L ik e w is e ,  the  p ro d u c ts  o f  th e  r e a c t i o n s  in v o lv in g  th e  TT-cyclo- 
p e n ta d len y lv an ad iu m  s u b s t r a t e  a r e  p u rp o r te d  to  have fo u r  s u l f u r  b r id g e s  
and a  vanadium -vanadium  bond. H ere ,  how ever, th e  p ro d u c ts  have d i f ­
f e r i n g  amounts o f  param agnetism  t h a t  a r e  i n s u f f i c i e n t  to  co r re sp o n d  to  
one u n p a ire d  e l e c t r o n  p e r  atom . F o rm a lly ,  each  vanadium h a s  an  o x id a ­
t i o n  number o f  +1 s in c e  C5H5 i s  n o rm a lly  c o n s id e re d  to  be - 1 ,  and t r i -  
v a l e n t  s u l f u r  a s  a  b r id g in g  group may be tak en  a s  a  n e u t r a l  t h r e e -  
e l e c t r o n  d o n o r3 7 . The fo u r  e l e c t r o n s  on the  d4 vanadium , s i x  e l e c t r o n s  
from TT-Cp, s i x  e l e c t r o n s  from fo u r  b r id g in g  g ro u p s ,  and one from th e  
m e ta l -m e ta l  bond t o t a l  to  17 v a le n c e  e l e c t r o n s  p e r  vanadium atom , one 
s h o r t  o f  e ig h te e n  r e q u i r e d  f o r  th e  e l e c t r o n i c  s t r u c t u r e  o f  k ry p to n  and 
a  d ia m a g n e t ic  a tom . The low v a lu e s  o f  t h i s  o bserved  te m p e ra tu re -  
d e p e n d e n t  param agnetism  h as  been e x p la in e d  by assum ing t h a t  th e  vanadium- 
vanadium exchange i n t e r a c t i o n  i s  o f  somewhat h ig h e r  o r d e r  th an  t h a t  o f  
a  s i n g l e  bond.
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The product  o f  r e a c t i o n  of  the  tt- e y e lo p e n ta d ie n y l i ro n  s u b s t r a t e  
with  d imethyl  d i s u l f i d e  y i e l d s  a diamagnetic  su bs tance ,  F ig .  4 ( a ) ,
two m ethy l groups ( t o  py ram ida l s u l f u r ) ,  two ca rb o n y l  g roups (one p e r  
i r o n  atom) and two tt- bonded c y c lo p e n ta d ie n y l  g ro u p s .  R e a c t io n s  o f 
t e t r a m e th y l  d ip h o sp h ln e  w i th  b o th  th e  i r o n  ( F ig .  4) and molybdenum 
( F ig .  3) s t a r t i n g  m a t e r i a l s  y i e l d  ana lo g o u s  p r i n c i p a l  p r o d u c t s .  T e t r a -  
phenyl d ip h o s p h ln e ,  how ever, a p p a r e n t ly  y i e l d s  a dim er in  th e  i r o n  c a s e ,  
b u t  a  t r lm e r  in  t h a t  o f  molybdenum. The r e a c t i o n  o f [TT-CpFe(CO)g]g w ith  
t d t  a p p e a rs  to  be much more complex2 2 .
R efe ren ce  to  s t r u c t u r e s  o f  F ig .  3 &nd F ig .  4 where an  M£S2 r in g  i s  
shown s u g g e s ts  th e  p o s s i b i l i t y  o f  isom erism . Thus the  m ethy l groups on 
th e  two s u l f u r  atoms may have a  c l s - t r a n s  ( s y n - a n t i )  r e l a t i o n s h i p .  A lso ,  
and pe rhaps  more im p o r ta n t ,  the  TT-cyc lo p e n ta d ie n y l  m o ie t i e s  may l ik e w is e  
be r e l a t e d .  T h is  r e l a t i o n s h i p  h a s  been i n f e r r e d  to  acco u n t  f o r  a d o u b le t  
in  th e  n .m . r .  TT-Cp re so n a n c e  f o r  th e  compound [TT-CpMo(CO)a SMe]2 p rep a red  
from d im e th y l  d i s u l f i d e  and TT-CpMo(CO)3H 3 1 . An isom er (b )  o f  
[n-CpFe(CO)SMej2> F ig .  4 ( a ) ,  p re p a re d  under k i n e t i c a l l y  c o n t r o l l e d  
c o n d i t i o n s ,  i s  r e a d i l y  c o n v e r te d  to  th e  more therm odynam ica lly  fa v o red  
isom er (A) a t  benzene r e f l u x  te m p e ra tu re  ( 8 0 ° ) , 25 th u s :
f  TT— P n l ? o  (  C.C\ ^ Q M a  T _  f  T a n m o r  A ^
c h a r a c t e r i z e d  w ith  a  fo u r  membered p la n a r  r i n g 15 abou t which a r e  bonded
t t -  C pFe ( CO) £SMe
[Tt-CpFe(C0)SMe]2 ( iso m er  B)
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The s e p a r a t io n  and c h a r a c t e r i z a t i o n  o f  Isom ers o f  th e  two phosphorus 
b r id g e d  d e r i v a t i v e s  o f  th e  TT-cyc lo p e n ta d ie n y l  i r o n  s u b s t r a t e  ( F ig .  1+) 
have been r e p o r t e d 4 0 . Here th e  isom ers were both s t a b l e  enough f o r  i s o ­
l a t i o n  from th e  r e f lu x e d  r e a c t i o n  m ix tu re  (by ch ro m ato g rap h y ) ,  a lo n g  
w i th  o th e r  s id e  p ro d u c ts .  I n  th e  c a se  o f  th e  m ethy l d e r i v a t i v e ,  i d e n t i ­
f i c a t i o n  was made on th e  b a s i s  o f  th e  n .m . r .  m ethyl r e s o n a n c e s .  Tha t o f  
th e  phenyl d e r i v a t i v e  was made on th e  b a s i s  o f  an a ssu m p tio n  t h a t  t r a n s  
Isom ers a r e  e lu te d  f i r s t .
The p r e p a r a t i o n  o f  monomeric s p e c ie s  o f  th e  type  TT-CpFe(CO)2SR, 
e q u a t io n  ( ^ ) , i s  o f  i n t e r e s t .  These may be o b ta in e d  in  good y i e l d  from 
m e t a t h e t l c a l  r e a c t i o n s  o f  sodium a l k y l  and a r y l  m e r c a p t ld e s ,  NaSR, and 
n-CpFe(CO)2Br in  e t h e r 2 5 . The p r e p a r a t i o n  o f n-CpFe(C0)2SCH3 from d i ­
m eric  [rr-CpFe(CO)2 ] 2 u s in g  u l t r a v i o l e t  i r r a d i a t i o n  in  benzene s o lu t i o n  
w i th  d im e th y l  d i s u l f i d e  a t  room te m p e ra tu re  has been r e p o r t e d 2 6 . T h is  
r e a c t i o n  does n o t ,  how ever, a p p e a r  to  be g e n e r a l l y  u s e f u l  f o r  p r e p a r in g  
monomeric o r g a n o s u l f u r  d e r i v a t i v e s  o f n - c y c lo p e n ta d ie n y l  com plexes .
Monomeric compounds w i th  the  g e n e ra l  form ula [TT-CpM(As(CF3 )2) (C0)n ]
(M * F e , n ■ 2 ;  M ■ Mo, n ■ 5 ) have been produced by r e a c t i o n  o f  As2 (CF3)4  
w i th  th e  c o r re sp o n d in g  d in u c l e a r  r r - c y c lo p e n ta d ie n y lm e ta l  c a rb o n y l49 under 
to lu e n e  r e f l u x .  D in u c le a r  d e r i v a t i v e s ,  [TT-CpM(As(CF3)2}(C 0)n- 1 ] 2 , were 
produced by d im e r lz a t io n  under the  in f lu e n c e  o f  u l t r a v i o l e t  i r r a d i a t i o n .
C o n s id e ra t io n s  which have been g iv en  in  the  fo re g o in g  e n a b le  one 
to  r a t i o n a l i z e  th e  e x i s t e n c e  o f  p ro d u c ts  which have been o bserved  o r  
d e te c te d  from r e a c t i o n s  d e s c r ib e d  in th e  E x p e rim e n ta l  s e c t i o n .  This  
w i l l  be postponed  u n t i l  th e  R e s u l t s  and D is c u s s io n  s e c t i o n .  E xperim en ts
to  be d e s c r ib e d  have in v o lv ed  th e  TT-cyclopentadienyl s u b s t r a t e s :  ( l )
[Tr-CpMo(CO)33e t  (2 )  TT-CpW(C0)3H, (3 )  TT-CpVCco)*. The o rg a n o d ic h a lc o  
n id e s  used w ere : ( l )  D iphenyl d i t e l l u r i d e ,  (2 )  D iphenyl d l s e l e n l d e ,
and (3 )  D iphenyl d i s u l f i d e .
EXPERIMENTAL - -  GENERAL
This s e c t i o n  in c lu d e s  a d e s c r i p t i o n  o f  th e  p r e p a r a t i o n  o f  known 
s t a r t i n g  m a t e r i a l s ,  and g e n e ra l  p ro c e d u re s  and te c h n iq u e s .  S y n th e t ic  
w ork, l e a d in g  to  th e  p r e p a r a t i o n  o f  new s u b s t a n c e s ,  i s  d e s c r ib e d  in  th e  
n e x t  s e c t io n  under  th e  t i t l e ,  E x p e rim en ta l  - -  S y n t h e t i c . .
1. M a te r i a l s
A. B is (T T -cy c lo p en tad ien y ltr ica rb o n y lm o ly b d en u m ), [fT-CpMo(C0)3]2 , 
more commonly known a s  TT-cyclopentadienylmolybdenum t r i c a r b o n y l  d im e r ,  
was p re p a re d  by th e  method o f  King5 3 . A u s e f u l  m o d i f i c a t io n  h as  a l s o  
been d e s c r ib e d  by H a y te r3 9 . S u c c e s s fu l  p r e p a r a t i o n  does n o t  p r e s e n t  
any d i f f i c u l t i e s  once th e  problem s a r e  r e c o g n iz e d .  The fo l lo w in g  
d i s c u s s io n  em phasizes  s p e c i f i c  p ro c e d u re s  and equipm ent which should  
g u a ra n te e  s u c c e s s f u l  p r e p a r a t i o n .
C le a n ,  ac id -w ashed  g la s s w a r e ,  which was r i n s e d  th o ro u g h ly  w ith  
w a te r  and a c e to n e  and baked a t  c a .  150° , was u s e d .  T h is  in c lu d e d :  (a )
s t r a i g h t  con d en se r  w ith  s ta n d a rd  t a p e r  (2 4 /4 0 )  g l a s s  j o i n t s ,  b o th  en d s ;
(b )  ro und-bo ttom  f l a s k  (500  ml) w ith  n i t r o g e n  i n l e t  (welded #2 s to p ­
c o c k ) ,  o u te r  ST (2 4 /4 0 )  g l a s s  j o i n t  fo r  co n d e n se r  a t ta c h m e n t  and in n e r  
ST (2 4 /4 0 )  j o i n t  f o r  p o s t - r e a c t i o n  f i l t r a t i o n ;  ( c )  a d a p te r  to  p ro v id e  
r e d u c t io n  from (24/40) ST j o i n t  a t  to p  o f  co n d e n se r  to  1 /4 "  ru b b e r  tu b in g ;
(d )  two c o a r s e - g r a d e  f r i t t e d - g l a s s  f i l t e r s  equ ip p ed  w ith  s ta n d a rd  t a p e r  
j o i n t s  f o r  f i l t r a t i o n  under n i t r o g e n ;  ( e )  ro u n d -b o tto m  f l a s k  (300  ml) 
w ith  s to p co ck  s id e -a rm ;  ( f )  a  long  p ie c e  o f  g l a s s  rod s l i g h t l y  b e n t  on 
one e n d ,  c a p a b le  o f  p a s s in g  th rough  th e  c o n d e n se r .
A S a rg e n t  Model H co m b in a tio n  h o t  p l a t e  and m agnetic  s t i r r e r  
( o r  e q u iv a l e n t )  was used because  a  s t r o n g  magnet was r e q u i r e d  to  s t i r
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th e  i n i t i a l l y  v is c o u s  m ix tu r e .  I t s  t h r e e - p o s i t i o n  h e a t e r  was a l s o  
c o n v e n ie n t  f o r  th e  good te m p e ra tu re  c o n t r o l  r e q u i r e d .  H e a t in g  was a c ­
com plished  th rough  a  m in e ra l  o i l  b a th .
A f t e r  n i t r o g e n  p u rg e ,  th e  o u t l e t  o f  th e  sy s tem  (c o n d e n se r  a d a p te r )  
was co n n ec ted  to  a  m i n e r a l - o i l  b u b b le r  to  make t h e  e f f l u e n t  v i s i b l e .  
C o n tin u o u s  n i t r o g e n  f lo w  was m a in ta in e d  t h e r e a f t e r  a t  a  m od era te  r a t e .  
D ic y c lo p e n ta d ie n e  (125-150  was added and s t i r r i n g  was begun. Molyb­
denum h e x a c a rb o n y l  (20 g) was ad d ed ,  and th e  m ix tu re  was h e a te d  t o  150 -1 6 0 ° . 
T h is  p ro v id e d  g e n t l e  r e f l u x .  O c c a s io n a l ly  th e  c o n d e n se r  a d a p te r  was 
l i f t e d  and Mo(C0)6 s c ra p e d  from th e  low er p o r t i o n s  o f  th e  c o n d e n s e r .
The n i t r o g e n  i n l e t  sy s tem  was equ ipped  w i th  a  m ercu ry  v a lv e  to  e l i m i n a t e  
d an g e r  o f  b lo w -o f f  i f  th e  co n d en se r  became c lo g g e d  w i th  su b lim in g  
Mo(C 0)q . Copious q u a n t i t i e s  o f  g aseo u s  p r o d u c t s ,  CO and Hj>, were evo lv ed  
d u r in g  th e  r e a c t i o n .
When gaseous  e v o l u t i o n  c e a s e d ,  and no more Mo(C0)e sub lim ed  o u t 
o f  th e  d e e p - re d  r e a c t i o n  m i x tu r e ,  th e  r e a c t i o n  was found to  be c o m p le te .  
A f t e r  c o o l in g ,  i t  was e s s e n t i a l  t h a t  th e  b u lk  o f  t h e  s o l u t i o n  be d e c a n te d  
from th e  f i n e l y  d iv id e d  s o l i d  which s e t t l e d  to  t h e  bo ttom  o f  th e  f l a s k .
The f i l t r a t e  was d i s c a r d e d  and th e  s o l i d  was f i l t e r e d  u nder  n i t r o g e n  in  
two p a r t s ,  u s in g  hexane to  wash th e  s o l i d  o n to  th e  f i l t e r s .  F a i l u r e  to  
fo l lo w  th e s e  d i r e c t i o n s  caused  th e  f i l t r a t i o n  p ro c e d u re  to  be e x t r e m e ly  
t im e-consum ing .
Y ie ld s  o f  c ru d e  p ro d u c t  w ere somewhat l e s s  th a n  th e  maximum 
s u g g e s te d  by K ing. I t  was n o t  n e c e s s a r y ,  how ever,  t o  c a r r y  o u t  the  
recommended s u b l im a t io n  f o r  more th a n  3- ^ h o u r s .
‘.’he i n f r a r e d  sp e c tru m  o f  p ro d u c t  tTT-CpMo(C0)3]e in  CS2 a g r e e s  
w e l l  w i th  t h a t  r e c o rd e d  in  th e  l i t e r a t u r e 5 6 , e x c e p t  f o r  a  v e ry  weak
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band a t  2016 cm- 1 . A v e ry  unsym m etrica l band o ccu rred  a t  191^ ( a )  and 
a  sh a rp  peak was observed  a t  1957 ( v s )  cm"1 . R e c o g n i t io n  o f  t h i s  sp e c ­
trum was im p o r ta n t  to  th e  m o n i to r in g  o f  r e a c t i o n s  in v o lv in g  d ip h e n y l  
d ic h a lc o n id e s  w ith  L^CpMofCOJsla.
B. H y d r id o -T T -c y c lo p e n ta d ie n y l t r ic a rb o n y l tu n g s te n ,  TT-CpW(C0)3H, was 
used in  r e a c t i o n s  in v o lv in g  d ip h e n y l  d i t e l l u r i d e  and ana logous  s u l f u r  
and se len iu m  compounds. The p r e p a r a t i o n  o f  th e  tu n g s te n  s t a r t i n g  m ate­
r i a l  fo llo w ed  t h a t  o u t l i n e d  by King5 3 , b u t  problems were e n c o u n te re d .
A ttem pts  to  p re p a re  th e  h y d r id e  in  1 ,2 -d lm eth o x y e th an e  were n o t
s u c c e s s f u l ,  and th o se  in  t e t r a h y d r o f u r a n  y ie ld e d  a p ro d u c t  con tam ina ted
by W(C0)6 . The l a t t e r  was removed by th e  r a t h e r  t e d io u s  method o f
f r a c t i o n a l  s u b l im a t io n .
F re s h ly  sublim ed TT-CpW(C0)3H, a l th o u g h  s t a b l e  to  a i r  f o r  p e r io d s
o f  tim e en co u n te red  in  w e ig h in g ,  a p p e a rs  to  decompose under n i t r o g e n .
I t  was n e c e s sa ry  to  s t o r e  f r e s h l y  sublim ed p ro d u c t  a t  d ry  i c e - a c e to n e
te m p e ra tu re  i f  i t  were to  be k e p t  f o r  more th a n  a b o u t  2b  h o u r s .
The i n f r a r e d  spec trum  o f  f r e s h l y  sublim ed TT-CpW(C0)3H c l o s e ly
ag reed  w ith  t h a t  reco rd ed  in  th e  l i t e r a t u r e 5 4 . Found: vu  , 18W (m );W-H
vco  1898 (m, s h ) ,  1950 ( v s ) ,  2011 (m, s h ) ,  2022 ( s ) ;  vc _fl ( ? ) ,  2860  (v w ) , 
2930 (v w ) , 2960 (vw ), 3115 (w) cm- 1 . When w(co)e co n tam in a ted  th e  p ro ­
d u c t ,  a  band o c c u r re d  a t  1977 ( v s ) ;  W(C0)e a l s o  a b so rb s  a t  19^8 cm"1 .
C. T T -C y c lo p en tad ien y lte traca rb o n y lv an ad iu m , Tr-CpVfCO)*, th e  t h i r d  
c y c lo p e n ta d ie n y lm e ta l  s u b s t r a t e  used in  t h i s  s tu d y ,  I n i t i a l l y  was p r e ­
pared  from b ls (d ig ly m e )so d iu m  h e x a c a rb o n y lv a n a d a te  ( -1 )  a s  d e s c r ib e d  by 
King5 3 . T h is  o ra n g e -re d  p r o d u c t ,  p u r i f i e d  by vacuum s u b l im a t io n  a t
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80 - 100° ,  was used in  th e  p r e p a r a t io n  o f  p ro d u c ts  w ith  d ip h e n y l  d i s u l f i d e  
and d ip h e n y l  d i t e l l u r i d e .  L a t e r ,  a  d a r k -c o lo r e d  s u b s ta n c e  o b ta in e d  from 
A lfa  I n o r g a n ic s ,  I n c . ,  B e v e r ly ,  M a s s a c h u s e t t s ,  was used to  p r e p a re  an 
an a lo g o u s  s e le n id e  p ro d u c t  w i th  a p p a r e n t ly  eq u a l  s u c c e s s .
The I n f r a r e d  spec trum  of f r e s h l y  p re p a re d  n-CpV(C0 )4 , o b ta in e d  
u s in g  th e  Beckman IR-7 in s t r u m e n t ,  d id  n o t  c o r re sp o n d  to  t h a t  g iven  by 
King5 3 . Found: vCQ 1897 ( s h ) ,  1926, 2026 cm*1 . King: I 89O, 1982 cm- 1 .
D. D iphenyl d ic h a lc o n id e s  were o b ta in e d  from com m ercial s o u rc e s :  
d ip h e n y l  d i t e l l u r i d e  and d ip h e n y l  d i s e l e n l d e  from M eta llom er L a b o r a t o r i e s ,  
F i t c h b u r g ,  M a ss a c h u se t t s ;  d ip h e n y l  d i s u l f i d e  from Eastman O rganic  Chemi­
c a l s ,  R o c h e s te r ,  New York.
E. S o lv e n ts  used were com m ercia lly  a v a i l a b l e ,  a n a l y t i c a l  g ra d e .  
Benzene, to lu e n e  and s i m i l a r  h y d rocarbon  s o lv e n t s  were d r ie d  over  sodium. 
T e tr a h y d ro fu ra n  was d r ie d  over sodium and d i s t i l l e d  from l i th iu m  aluminum 
h y d r id e  under n i t r o g e n  j u s t  b e fo re  u s e .  Eastman t e c h n i c a l  g rade  d lc y c lo -  
p e n ta d ie n e ,  s t a b i l i z e d  w ith  1- n a p h th o l ,  was th e  so u rce  o f  c y c lo p e n ta -  
d ie n e  in  p r e p a r a t i o n s  in v o lv in g  t h i s  s u b s ta n c e .
2 .  I n s t r u m e n ta t io n
A. I n f r a r e d  s p e c t r a  were o b ta in e d  u s in g  a Beckman IR-7 In s t ru m e n t .  
S o lu b le  su b s ta n c e s  were d i s s o lv e d  in  ca rbon  d i s u l f i d e  and m easured 
v e r s u s  n e a t  s o lv e n t  in  c a .  0 .4  mm NaCl s o l u t i o n  c e l l s .  In  c a s e s  where 
a i r - s e n s i t i v e  m a t e r i a l s  were in v o lv e d ,  the  s o lu t i o n s  were p re p a re d  under 
n i t r o g e n  in  d eg assed  carbon  d i s u l f i d e .  S p e c tra  were run  im m edia te ly  
a f t e r  removal to  s o l u t i o n  c e l l s .
S ubstances  w i th  l im i t e d  s o l u b i l i t y  were an a ly zed  in  bo th  m u lls  
and KBr d i s c s .  The l a t t e r  were found to  be s u p e r io r  to  e i t h e r  N ujo l o r
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h e x a c h lo ro b u ta d le n e  m u l l s .  Comparison o f  s p e c t r a ,  however, i n d ic a te d  
no m o le c u la r  d eco m p o s it io n  in  the  p r e s s in g  o p e r a t io n .
B. N u c lea r  m agnetic  s p e c t r a  (p ro to n )  were o b ta in e d  u s in g  a V arian  
Model HA60I In s tru m e n t  a t  37° • These s e rv e d  to  i n d i c a t e  th e  p re se n c e  
o f  th e  TT-cyclopentadienyl groups in  p r o d u c t s ,  and th e  p re se n c e  o f  sha rp  
peaks  was tak en  to  i n d i c a t e  d iam agne tism . The p o s s i b i l i t y  o f  isomer 
m ix tu re s  was a l s o  c o n s id e re d .
Comparison o f  s p e c t r a  o b ta in e d  w ith  an  A-60A in s tru m e n t  r e v e a l  
a  d i f f e r e n c e  o f  s e v e r a l  c y c le s  p e r  second . Comparison o f  s p e c t r a  from 
v a r io u s  i n v e s t i g a t o r s  must t h e r e f o r e  be an a ly z e d  c a r e f u l l y .
C. M e lt in g  p o in t s  w ere d e te rm in e d  in  open-ended c a p i l l a r y  tu b es  
w ith  a p p ro x im a te ly  3 nun sam ple . A Hoover C a p i l l a r y - M e l t in g  P o in t  I n ­
s tru m en t was u sed .
D. M o lecu la r  w e ig h ts  were d e te rm in e d  w i th  a  M echrolab Model 302 
Osmometer in  benzene u s in g  a  37° p ro b e .
3 .  E lem en ta l  A nalyses
Carbon and hydrogen a n a ly s e s  were by Mr. R. L. Seab o f  L o u is ia n a  
S t a t e  U n iv e r s i t y .
T e llu r iu m  a n a ly s e s  were by Schwarzkopf M ic r o a n a ly t l c a l  L a b o r a t o r i e s ,  
W oodside, New York, a s  were a s s o c i a t e d  t r a n s i t i o n a l  m eta l  a n a ly s e s .
O ther  a n a ly s e s  were perform ed  by G a lb r a i th  L a b o r a t o r i e s ,  I n c . ,  K n o x v i l le ,  
T e n n essee .
Vanadium a n a ly s e s  were perform ed u s in g  a  m o d i f i c a t io n  o f  a  r e d u c to ­
me t r i e  p ro c e d u re  d e s c r ib e d  in  th e  l i t e r a t u r e 5 5 . A sample o f  unknown 
vanadium c o n te n t  was p la c e d  in  a  250  ml cov ered  c o n ic a l  f l a s k .  The s i z e  
o f  th e  sample was s e l e c t e d  on th e  b a s i s  o f  i t s  e q u iv a le n c y  to  ab o u t
8 -10  ml o f  a . f e r ro u s  s o l u t i o n  whose vanadium t i t e r  I s  5 mg p e r  ml* The 
sample was d i s i n t e g r a t e d  u s in g  ab o u t 10 ml o f  c o n c e n t r a te d  s u l f u r i c  
a c i d ,  p lu s  fuming n i t r i c  a c id  d ropw ise  w ith  h e a t in g  to  com ple te  s o lu ­
t i o n .  Excess  n i t r i c  a c id  was d e s t ro y e d  by h e a t in g  to  p u re  w h ite  S03 
fum es. The d i l u t e d  sample ( c a .  75 ml) was t r e a t e d  s u c c e s s iv e ly  w i th :
( l )  P o tass ium  perm anganate  (5 $ )  to  perm anent p in k  c o l o r ;  (2 )  sodium 
n i t r i t e  ( 0 . 5$ )  to  d i s c h a rg e  p in k  c o l o r ,  p lu s  s e v e r a l  d rops  e x c e s s ;
( 3 ) s u lfa m ic  a c id  ( 10$ ) ,  5 m l; (*0 h y d r o f lu o r i c  a c i d ,  3"5 d ro p s  ( to  
improve a p p ea ran ce  of end p o i n t ) ;  ( 5 ) barium  d ip h e n y la m in e su lfo n a te  
i n d i c a t o r  ( 0 .0 2 $ ) ,  5 d r o p s .  The s o l u t i o n  was th e n  t i t r a t e d  w i th  s t a n ­
dard  f e r r o u s  s o lu t i o n  to  d is a p p e a ra n c e  o f  th e  v i o l e t  end p o i n t .  In  th e  
t i t r a t i o n ,  vanadium (V) i s  red u ced  to  vanadium ( IV ) .
The f e r r o u s  s o lu t i o n  was p re p a re d  by d i s s o l v i n g  M ohr's  s a l t ,
FeS04 *(NH4 ) s S04 *6H2 0 , (19*6 g) in  1 N s u l f u r i c  a c id  to  a b o u t  500 ml 
t o t a l  volum e. I t  was s ta n d a rd iz e d  v e r s u s  perm anganate  o r  d ic h ro m a te :
1 0 .0  ml f e r r o u s  s o l u t i o n  + 75 ml I N  s u l f u r i c  a c id  + 5 ml $:2  H3p04 /H£S04 
( b y  volume) + i n d i c a t o r .  C a lc u l a t i o n :  $V » (T x  V x  102 )/W, where T i s
th e  t i t e r  v a lu e  o f  th e  f e r r o u s  s o l u t i o n ,  V i s  i t s  volume in  m l,  and W i s  
th e  w e ig h t o f  sample in  mg.
T e llu r iu m  a n a ly s e s  em ploying s tan n o u s  c h lo r id e  r e d u c t io n  to  Te
VI( g r a v i m e t r i c ) ,  chrom ate o x id a t io n  to  Te (v o lu m e t r ic )  and io d id e  com- 
p l e x a t io n  ( c o l o r i m e t r i c )  were a t t e m p te d .  These methods were u n su c c e ss ­
f u l  due to  a co m b in a tio n  o f  poor a c c u ra c y  and p r e c i s i o n .  A d d i t io n a l  
d i f f i c u l t i e s  were en c o u n te re d  w ith  molybdenum i n t e r f e r e n c e ,  
h .  G enera l  R e a c t io n  P ro c e d u re s
R e a c t io n s  r e p o r te d  were c a r r i e d  our. under n i t r o g e n  in  d egassed  a r o ­
m a tic  h y d ro ca rb o n  s o lv e n t s .  The b a s ic  a p p a r a tu s  used to  run  th e  r e a c t i o n s  
in  g la ssw a re  i s  diagrammed in  F ig u re  5*
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Very pure  n i t r o g e n  a t  a b o u t  5 p . s . i . g .  was b le d  th ro u g h  a n e e d le  
v a lv e  I n to  an  e n t r a n c e  b u b b le r  o£ m in e ra l  o i l .  The l a t t e r  was used to  
make th e  s tream  v i s i b l e  to  a id  in  a d ju s tm e n t  o f  d e s i r e d  f low  r a t e .  The 
e x i t  o f  the  b u b b le r  was co n n ec ted  to  a " t e e " ,  one arm o f  which le d  to  
th e  to p  o f  an ap p ro x im a te ly  80 cm tube d ip p in g  in t o  a  m ercury  r e s e r v o i r .  
T h is  a l low ed  an  ev acu a ted  system  to  be f i l l e d  w i th  n i t r o g e n  w i th o u t  en* 
t r a i n i n g  l a b o r a to r y  a i r ,  and p ro v id ed  an escape  v a lv e  f o r  n i t r o g e n  o r  
o th e r  g a se s  when th e  system  was a t  a  p r e s s u r e  ex ceed in g  t h a t  o f  th e  
atm osphere  by more th an  a few c e n t im e te r s  o f  m ercu ry . The second arm 
o f  th e  " t e e "  was i t s e l f  d iv id e d  i n t o  two arm s, b o th  o f  which were con­
t r o l l e d  by s to p c o c k s .  These a llow ed  f o r  use o f  two s e p a r a t e  s tream s  of 
n i t r o g e n  when n e c e s s a ry .
N itro g e n  e n te re d  th e  r e a c t i o n  m ix tu re  th ro u g h  a s to p co ck  a t t a c h e d  to  
a s id e -a rm  o f  th e  ro u n d -b o tto m  r e a c t i o n  f l a s k  ( g e n e r a l ly  100-300  ml s i z e ) .  
The gas e x i t e d  th rough  a F r i e d r i c h - t y p e  r e f l u x  c o n d e n se r ,  i n t o  a  b u b b le r
o f  m in e ra l  o i l ,  which made th e  e f f l u e n t  v i s i b l e .  From h e r e ,  th e  gas
s tream  was d is c h a rg e d  from th e  l a b o r a t o r y .
In  a t y p i c a l  r e a c t i o n ,  th e  system  ( r e a c t i o n  f l a s k ,  co n d en se r  and
m agnetic  s t i r r i n g  b a r )  was i n i t i a l l y  ev acu a ted  a t  w a te r  a s p i r a t o r  
p r e s s u r e .  I t  was th en  f i l l e d  w i th  n i t r o g e n .  T h is  p ro c e d u re  was r e ­
p e a te d  s e v e r a l  t im e s .  The a p p r o p r i a t e  volume o f  s o lv e n t  was then  added 
and deg assed  u s in g  n i t r o g e n  th rough  a gas d i s p e r s io n  tu b e .  T h e r e a f t e r ,  
a  c o n tin u o u s  n i t r o g e n  flow  was m a in ta in e d  th rough  th e  sy s tem . R e a c ta n t  
ch em ica ls  were added and m agnetic  s t i r r i n g  begun. H ea tin g  was accom­
p l i s h e d  th rough  a m in e ra l  o i l  b a th  on co m b in a tio n  h o t  p la te -m a g n e t ic  
s t i r r e r .
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F o llo w in g  th e  r e a c t i o n  p e r io d  , th e  m ix tu re  was co o led  to  room tem­
p e r a t u r e  and f i l t e r e d  under n i t r o g e n .  The l a t t e r  was g r e a t l y  f a c i l i ­
t a t e d  by I n c lu s io n  o f  an  in n e r  ST (2U/U0 ) g l a s s  j o i n t  on th e  r e a c t i o n  
f l a s k .  The f i l t e r ,  ad ap ted  f o r  use  w ith  s ta n d a rd  t a p e r  g la s s w a re ,  con­
n e c ted  to  a ro und-bo ttom  f l a s k  w i th  s id e -a rm  s to p co c k  f o r  a p p l i c a t i o n  
o f  s u c t io n  and i n t r o d u c t i o n  o f  n i t r o g e n  a s  needed .
5 .  I n f r a r e d  M o n ito r in g
F o llow ing  some in t r o d u c to r y  r e a c t i o n s  in  r e f l u x i n g  t o lu e n e ,  i t  b e ­
came apparent* t h a t  p o s s i b l e  i s o l a b l e  r e a c t i o n  I n te rm e d ia te s  were p r e s e n t .  
E s s e n t i a l  to  i s o l a t i o n  o f  c h a r a c t e r i z a b l e  q u a n t i t i e s  o f  th e s e  i n t e r ­
m e d ia te s  was th e  a b i l i t y  to  ( a )  a d j u s t  r e a c t i o n  c o n d i t io n s  f o r  r e a s o n ­
a b le  r a t e s  o f  t h e i r  fo rm a t io n s ,  and (b )  r e c o g n iz e  th e  tim e a t  which 
maximum y i e l d  cou ld  be o b ta in e d .  A s y s te m a t ic  p ro ced u re  f o r  m o n i to r in g  
th e  r e a c t i o n s  u t i l i z i n g  i n f r a r e d  s p e c t ro s c o p y  was deve loped  and used 
s u c c e s s f u l l y .
R e a c t io n  m ix tu re s  g e n e r a l ly  c o n ta in e d  m a t e r i a l s  t h a t  were somewhat 
a i r - s e n s i t i v e  in  s o l u t i o n .  The m o n i to r in g  system  was d ependen t on 
removal and p r e p a r a t i o n  f o r  a n a l y s i s  o f  a  r e p r e s e n t a t i v e  sam ple . A 
sample was removed from the  r e a c t i o n  m ix tu re  under a  s te a d y  flow  of 
n i t r o g e n ,  and p laced  in  a  c l e a n ,  d ry  f l a s k  under  n i t r o g e n .  S o lv en t  
was removed by a s p i r a t i n g  th e  sam ple , and deg assed  carbon  d i s u l f i d e  was 
th e n  added , a l s o  under n i t r o g e n .  The r e s u l t i n g  s o l u t i o n  was then  a n a ly zed  
im m edia te ly  a f t e r  removal to  th e  i n f r a r e d  c e l l .  The c a rb o n y l  s t r e t c h i n g  
r e g io n  between 1800-2050 cm”1 was used f o r  d i a g n o s i s .  By c a r e f u l  r e g u ­
l a t i o n  o f volumes o f  sample tak en  and c a rb o n  d i s u l f i d e  added , a  c o n s i s ­
t e n t  p i c t u r e  o f  th e  r e a c t i o n  p ro g re s s  and c o n d i t io n  was u s u a l ly  a s c e r ­
t a in e d .
EXPERIMENTAL - -  SYNTHETIC
I . R e a c t io n s  o f  D iphenyl D i t e l l u r i d e  w ith  LTT-CgHsMotCO^Jg
A. P r e p a r a t io n  o f  D imeric [n-CgHsMotCO^TeCeHs^s
D iphenyl d i t e l l u r i d e  (1 .1 5  S» 2 .8  mmole) and [TT-CpMo(C0)3]2 
( 1.25  g> 2 .5  mmole) were added to  deg assed  benzene (100 ml) In  a  300 ml 
r e a c t i o n  f l a s k  under n i t r o g e n  ( d e t a i l s  co n c e rn in g  th e  m ethodology o f  
t h i s  and e n su in g  r e a c t i o n s  a r e  d e s c r ib e d  in  th e  p re v io u s  s e c t i o n ) .  The 
m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  f o r  a b o u t  2k  h o u r s ,  d u r in g  
which tim e i t  was m on ito red  by i n f r a r e d  s p e c t ro s c o p y .
The f i r s t  sample removed from th e  r e a c t i o n  m ix tu re ,  a f t e r  1-fe 
h o u r s ,  was found to  c o n ta in  a c a rb o n y la te d  s p e c ie s  r e s p o n s ib le  f o r  a b ­
s o r p t io n  a t  1958 and 2016 cm*1 . The 2016 cm*1 band was much s t r o n g e r  
th a n  t h a t  due to  th e  s t a r t i n g  m a t e r i a l ,  [TT-CpMo(C0)3 ] 2 , whose i n f r a r e d  
spec trum c o n ta in s  s t r o n g  bands a t  191’+ and 1958 cm"1 and a v e ry  weak 
band a t  2016 cm*1 . C o n secu tiv e  scans  o f  sample ( i n  CS2 s o l u t i o n )  r e ­
v e a le d  e x c e p t io n a l  changes in  i n t e n s i t i e s  o f  th e  new bands and th o se  due 
to  s t a r t i n g  m a t e r i a l .  T h is  i s  i l l u s t r a t e d  in  F ig .  6 .  The 191^ and 
1958 cm-1 bands a r e  o f f  s c a l e  in  th e  f i r s t  s c a n ,  d e p ic te d  in  F ig .  6 a ,  
b u t  the  2016 cm*1 band i s  v e ry  p ro m in e n t ,  and th e  1938 cm-1 band can  be 
d i s c e r n e d .  A f te r  th e  sample had been l e f t  in  th e  beam o f  th e  N e rn s t  
g low er f o r  5 m in u te s ,  th e  two new bands became o f  a p p ro x im a te ly  th e  
same i n t e n s i t y  a s  th o se  due to  s t a r t i n g  m a t e r i a l ,  and th e  p re se n c e  o f  a  
h ig h  energy  sh o u ld e r  on th e  1938 cm*1 band i s  c l e a r l y  i n d ic a te d  ( se e  
P ig .  6 b ) .  A f t e r  15 m in u te s ,  f u r t h e r  developm ent o f  th e  new c a rb o n y l  
bands and c o n c u r re n t  r e c e s s i o n  o f  th o se  in  th e  s t a r t i n g  m a t e r i a l  were 
noted  ( se e  F ig .  6 c ) .  Subsequent s t u d i e s  have in d ic a te d  t h a t  th e se
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changes  were n o t  te m p e ra tu re  o r  s o lv e n t  d e p e n d e n t ,  b u t  due to  a  r e a c t i o n  
Induced by th e  r a d i a t i o n  p a s s in g  th ro u g h  th e  sam ple . A f t e r  24 h o u r s ,  
th e  s p e c ie s  r e s p o n s ib le  f o r  th e  new a b s o r p t io n s  was s t i l l  o n ly  a  m inor 
component o f  th e  t o t a l  r e a c t i o n  m ix tu r e .
The r e a c t i o n  m ix tu re  was n e x t  r e f lu x e d  (80°C) f o r  a  t o t a l  o f  14 
h o u r s .  D uring  t h i s  t im e ,  th e  2016 cm '1 band was o b se rv ed  to  i n c r e a s e  
to  a  maximum and th e n  r e c e d e ,  u n t i l  a t  th e  end o f  th e  r e a c t i o n  p e r io d  
i t  was o f  v e ry  weak i n t e n s i t y .  At th e  same t im e ,  th e  1938 cm-1 b an d ,  
and i t s  h ig h  en erg y  s h o u ld e r ,  were s p l i t  i n t o  a  r e s o lv e d  d o u b le t  w i th  
new f r e q u e n c ie s  1933 *n<* 1930 cm*1 . I n f r a r e d  a b s o r p t i o n  bands due to  
C T T -G p M o (C O )d im in ish e d  in  i n t e n s i t y  and were v e ry  weak a f t e r  14 h o u rs  
o f  r e f l u x .  The f i n a l  sample ta k e n  from th e  r e a c t i o n  m ix tu re  p roduced a 
sp ec tru m  In  th e  c a rb o n y l  s t r e t c h i n g  r e g io n  w i th  v e ry  s t r o n g  s h a rp  bands
a t  i8 6 0 ,  1875, 1935, and 1950 cm"1 .
The r e a c t i o n  m ix tu re  was f i l t e r e d ,  and th e  s o lv e n t  was removed 
w i th  a  r o t a r y  e v a p o r a to r  a t  w a t e r - a s p i r a t o r  p r e s s u r e .  The r e s u l t i n g  
d a rk -b ro w n , gummy s o l i d  was r e d l s s o lv e d  in  a  l i m i t e d  volume o f  benzen e . 
Hexane was ad d ed ,  and dark -b row n  c r y s t a l s  w ere formed by slow e v a p o ra ­
t i o n  o f  s o lv e n t  in  a  s t r e a m  o f  n i t r o g e n .
A n a ly s i s .  C a lc u la te d  f o r  C ^eH ^o O ^e^ lo ^ : c a rb o n ,  37*02$; 
h y d ro g e n ,  2 .3 9 $ ;  t e l l u r i u m ,  30*25$; molybdenum, 22 .75$* Found; c a rb o n ,  
37*14$; h y d ro g en ,  2 .4 9 $ ;  t e l l u r i u m ,  3 1 .1 6 $ ;  molybdenum, 23*37$* C a l ­
c u l a t e d  m o le c u la r  w e ig h t ;  843*5* Found; 840 ( b e n z e n e - a i r ) .
I n f r a r e d  and n u c l e a r  m ag n e tic  s p e c t r a l  d a ta  f o r  th e  compound 
have been  summarized and i l l u s t r a t e d  i n  th e  R e s u l t s  and D is c u s s io n  
s e c t i o n  o f  t h i s  D i s s e r t a t i o n .
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C r y s t a l l i n e  [TT-CpMo(CO)$TePh]2 i s  a i r  s t a b l e  and m e l t s  a t  I 75 - 
1T6°C. I t  i s  s o lu b l e  in  a ro m a tic  h y d ro c a rb o n s ,  ca rbon  d i s u l f i d e ,  and 
c h lo ro fo rm . I t  i s  o n ly  s p a r in g ly  s o lu b le  in  h ex an e . S o lu t io n s  a r e  
s l i g h t l y  a i r  s e n s i t i v e ,  d e p o s i t i n g  a  f i n e  b la c k  p r e c i p i t a t e .
T h is  compound h as  a l s o  been produced by r e a c t i n g  d ip h e n y l  d i ­
t e l l u r i d e  w ith  [TT-CpMo(CO)3] 2 u s in g  a  mole r a t i o  o f  2 :1  ( l ig a n d  m a t e r i a l  
to  Mo s u b s t r a t e ) .  T h is  was c a r r i e d  o u t i n  to lu e n e  a t  r e f l u x  te m p e ra tu re  
(110°C ). A f te r  4 h o u r s ,  th e  m ix tu re  was coo led  and f i l t e r e d .  The f i l ­
t r a t e  was reduced  to  an  o i l y  mass from which Cn-CpMo(C0 )£TePh]2  was 
o b ta in e d ;  th e  p ro c e d u re  in v o lv in g  th e  rem oval o f  e x cess  d ip h e n y l  d i ­
t e l l u r i d e  by co m b in a tio n  hexane w ashing  and vacuum s u b l im a t io n  (8 0 ° ,
0 .2  mm). Brown c r y s t a l s  were o b ta in e d  upon r e c r y s t a l l i z a t i o n  from 
b en zen e -h ex an e .  The i n f r a r e d  spectrum  o f  t h i s  p ro d u c t  was i d e n t i c a l  to  
t h a t  g iv en  in  F ig .  9 (p* ^*0 • An in s o lu b le  g ray  t e l l u r i u m - c o n t a i n i n g  sub­
s t a n c e ,  o b ta in e d  from f i l t r a t i o n  o f  th e  r e a c t i o n  m ix tu r e ,  was n o t  id e n ­
t i f i e d .
When eq u im o la r  q u a n t i t i e s  o f  th e  s t a r t i n g  m a t e r i a l s  were r e ­
f lu x e d  in  x y le n e  ( b .p .  139°C), th e  i n f r a r e d  spectrum  a f t e r  £ -h o u r  i n d i ­
c a te d  [TT-CpMo(C0)£TePh]£ to  be th e  o n ly  c a rb o n y la te d  s p e c ie s  p r e s e n t  
( s e e  p r e p a r a t i o n  D . , f o l lo w in g ) .
B. P r e p a r a t io n  o f  Motiomeric TT-C5H5Mo(C0)3TeCeH5
The i n f r a r e d  ev id e n c e  c i t e d  in  th e  fo re g o in g  p r e p a r a t i o n  i n d i ­
c a te d  th e  p re se n c e  o f  an  in te r m e d ia te  s p e c ie s  and c o n d i t io n s  n e c e s sa ry  
f o r  i t s  p r e p a r a t i o n .  D iphenyl d i t e l l u r i d e  ( 0 .6 3  g ,  1*5 mmole), 
[n-CpMo(C0)3 j2  (0 .7 5  8* 1*5 mmole) and benzene (100 m l) w ere added to  
a  300 ml r e a c t i o n  f l a s k  immersed in  a 25°C w a te r  b a t h .  The m ix tu re  was 
i r r a d i a t e d  w ith  s t i r r i n g  f o r  2^ h o u rs  u s in g  a  g e n e ra l  p u rp o se ,  250 w a t t ,
27
" in f r a r e d * h e a t in g  lamp. T h e " in f ra re d * la m p  had an a p p r e c i a b l e  v i s i b l e  
component. I t  was p o s i t io n e d  ab o u t  18 in c h e s  from th e  r e a c t i o n  m ix­
t u r e ,  w i th  th e  l i g h t  p a th  p a s s in g  th ro u g h  th e  w a te r  b a th .  S tro n g  a b ­
s o r p t i o n  bands were obse rv ed  a t  1938 , 19*+$ ( s h ) and 2016 cm*1 in  the  
i n f r a r e d  spec trum  o f  a  sample o f  th e  r e a c t i o n  m ix tu re  a t  th e  end o f  the  
r e a c t i o n  p e r io d .  The o n ly  i n d i c a t i o n  o f  re m a in in g  s t a r t i n g  m a t e r i a l  
was a v e ry  weak band a t  1915 cm*1 . Weak bands were a l s o  observed  a t  
i860 and 1875 cm*1 , I n d i c a t i n g  th e  fo rm a t io n  o f  some d im e ric  
[TT-CpMo(CO)£TePhl2 . The l a t t e r * s  p re se n c e  h as  been found to  be due to  
th e rm a l d eco m p o s it io n  o f  the  monomer in  s o l u t i o n .
The v i o l e t  s o l u t i o n  was f i l t e r e d  and s o lv e n t  removed. A d a rk -  
c o l o r e d ,  gunray s o l i d  was o b ta in e d .  A sm a ll  amount o f  r e l a t i v e l y  pure 
TT-CpMo(C0)3TePh was o b ta in e d  by r e c r y s t a l l i z a t i o n  from benzene-hexane  
and used in  i n f r a r e d ,  m e l t in g  p o in t  and c r i t i c a l  d e t e r m in a t io n s .  A t­
tem pts  to  o b ta in  l a r g e r  q u a n t i t i e s  in  p u re  form have been u n s u c c e s s fu l  due 
to  ex trem e s e n s i t i v i t y  to  a i r  a n d /o r  m o is tu re  in  s o l u t i o n .
The c r y s t a l l i n e  a i r - s t a b l e  s o l i d  i s  s o lu b l e  in  a ro m a tic  s o l v e n t s ,  
c a rb o n  d i s u l f i d e  and c h lo ro fo rm .  I t  i s  s p a r in g ly  s o lu b le  in  h exane .
In  s o l u t i o n ,  a t  room te m p e r a tu re ,  i t  decomposes a t  a  s i g n i f i c a n t  r a t e  
to  CTT*’CpMo(C0)2TePh]2 , i d e n t i f i a b l e  by i t s  i n f r a r e d  spec tru m . The r a t e  
o f  d eco m p o s it io n  in  s o l u t i o n  in c r e a s e s  m arkedly  w i th  t e m p e ra tu re .  When 
th e  s o l i d  i s  h e a te d  to  80°C in  a  vacuum s u b l im a to r  a t  0 .2  mm, some sub­
l im a t io n  o c c u r s ,  b u t  th e  b u lk  i s  c o n v e r te d  to  th e  d im e r .  M e lt in g  p o in t  
i s  80-82°C a t  a tm o sp h e r ic  p r e s s u r e .
A n a ly s is .  C a lc u la te d  f o r  Cj^HxoOsTeMo: c a rb o n ,  3 7 0 9 # *  hydro ­
g en ,  2 .2 * $ .  Found; c a rb o n ,  38* 18$; h y d ro g en , 2 .6 2 $ .  C a lc u la te d  m ole­
c u l a r  w e ig h t ;  449*8. Found; 500 ( b e n z e n e - n i t r o g e n ) .
28
I n f r a r e d  and n . m . r .  d a t a  have  been summarised and i l l u s t r a t e d  
in  th e  R e s u l t s  and D is c u s s io n  s e c t i o n .
C. P r e p a r a t i o n  o f  CTT-C5H5Mo(TeCoH5 )e ] x
D iphenyl d i t e l l u r i d e  ( 0 .5  g> 1*2 mmole) and c rude  [rr-CpMofCOjgTePtOa 
( l  g ,  1 mmole) were r e f lu x e d  t o g e th e r  in  d eg assed  x y le n e  f o r  f i v e  h o u r s .
The m ix tu re  was f i l t e r e d  to  y i e l d  an  am orphous, dark -b row n powder. T h is  
was washed w ith  hexane u n t i l  th e  f i l t r a t e  was c l e a r  and vacuum d r ie d  
( 0 .2  mm). Y ie ld ;  0 . 6  g .
T h is  amorphous a i r - s t a b l e  s o l i d  was too  in s o l u b l e  in  o rg a n ic  s o l ­
v e n t s  f o r  d e te r m in a t io n  o f  m o le c u la r  w e ig h t  and n .m . r .  sp ec tru m . The 
I n f r a r e d  spec trum  shows no a b s o r p t i o n  betw een 1700 and 2150 cm"1 . F r e ­
q u e n c ie s  o bserved  in  th e  I n f r a r e d  spec trum  a r e  summarized i n  th e  R e s u l t s  
and D is c u s s io n  s e c t i o n .
A n a ly s is .  C a lc u la te d  f o r  Ci^HisTeaMo: c a rb o n ,  35*T9$i hydrogen , 
2 .6 5 $ ;  molybdenum, 1 6 .8 2 $ . Found; c a rb o n ,  35*52$; h y d ro g en ,  2 .9 1 $ ;  
molybdenum, 16*30$.
D. R e a c t io n  o f  D iphenyl D i t e l l u r i d e  w i th  [ tt-C5H5Mo(C0 ) 3 ] £  a t  139°C
D iphenyl d i t e l l u r i d e  (0.U2 g ,  1 .0  mmole) and [n-CpMo(C0)3]2
(0 .3 0  g ,  1 .0  mmole) were r e f lu x e d  under n i t r o g e n  i n  d eg assed  x y le n e  
( b . p .  139°) w i th  p e r io d ic  i n f r a r e d  m o n i to r in g .  A f t e r  ^ - h o u r  th e  p r e ­
sence  o f  [TT-CpMo(C0)2TePh]£  was r e v e a le d  a s  th e  o n ly  d e t e c t a b l e  c a r -  
b o n y la te d  s p e c i e s .  The p re se n c e  o f  a new c a r b o n y la te d  s p e c ie s  was 
d is c o v e re d  in  th e  i n f r a r e d  s p e c t r a  o f  sam ples  ta k e n  a f t e r  th e  s i x t h  
h o u r  o f  r e f l u x .  A r e l a t i v e l y  weak, b road  band s lo w ly  d eve loped  a t  
a b o u t  18^2 cm"1 , accompanied by a  w eaker companion a t  1876 cm*1 . A ddi­
t i o n a l  v e ry  weak bands were a l s o  obse rv ed  in  th e  r e g io n  betw een 1900 
and 1965 cm"1 .
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A f te r  12 h o u rs  o f  r e f l u x , th e  r e a c t i o n  m ix tu re  was f i l t e r e d .  A 
brown, amorphous s o l i d  was o b ta in e d  ( 0 .1  g) which had an  i n f r a r e d  s p e c ­
trum i d e n t i c a l  to  [TT-CpMo(TePhJslx . The d a r k ,  yellow -brow n f i l t r a t e  
y ie ld e d  a  d a rk -c o lo r e d  s o l i d ,  i n i t i a l l y  s o lu b le  in  benzene and carbon  
d i s u l f i d e  and w ith  an  i n f r a r e d  spec trum  s i m i l a r  to  the  u n f i l t e r e d  r e ­
a c t i o n  m ix tu re .  T h is  p ro d u c t  became o n ly  p a r t i a l l y  s o lu b le  in  th e s e  
s o lv e n t s  a f t e r  s to r a g e  in  a i r  f o r  s e v e r a l  w eeks, a t  which tim e th e  i n f r a ­
re d  spec trum  in  th e  c a rb o n y l  s t r e t c h i n g  r e g io n  (KBr d i s c )  c o n s i s t e d  o f  
two v e ry  broad  bands a t  ab o u t 18^0 and 1900 cm '1 .
2 .  R e a c t io n s  o f  D iphenyl D ls e le t i ld c  w i th  [n-CsHeMoCcO^^a
A. P r e p a r a t io n  o f  trr-CpMo(SeC6H5 )£ ]x
D iphenyl d i s e l e n i d e  (0 .6 ^  g ,  2 . 0  mmole) and [rr-CpMo(CO) 332 
( 0 A 9 Ei 1*0 mmole) were r e f lu x e d  in  benzene (100 ml) f o r  9 h o u r s .  
M o n ito r in g  o f  th e  r e a c t i o n  m ix tu re  r e v e a le d  changes s i m i l a r  to  th o se  
observed  fo r  th e  r e a c t i o n s  which have been d i s c u s s e d  in  p a r t  1 o f  t h i s  
S e c t io n .  The r e a c t i o n  m ix tu re  was f i l t e r e d  a f t e r  c o o l in g  to  y i e l d  a 
red-brow n amorphous s o l i d .  T h is  was washed w ith  hexane and vacuum d r i e d .  
Y ie ld ;  0 . 5  g* L ike  i t s  t e l l u r i u m  a n a lo g ,  t h i s  su b s ta n c e  was to o  i n s o l ­
u b le  f o r  n .m . r .  and m o le c u la r  w e ig h t  a n a ly s e s .
A n a ly s is :  C a lc u la te d  f o r  C^yHisSe^Mo; ca rb o n ,  43*15$» hydrogen ,
3 .2 0 $ .  Found; c a rb o n ,  k 2 . 9 0 h y d ro g en ,  J.bQfi.
I n f r a r e d  d a t a  i s  summarized in  th e  R e s u l t s  and D is c u s s io n  s e c t i o n .
B. E v idence f o r  A d d i t io n a l  TT-Cyclopentadienylmolybdenum S e le n id e s
D uring  th e  r e a c t i o n  d e s c r ib e d  in  2A p re c e d in g ,  ev id e n c e  was
found f o r  a t  l e a s t  t h r e e  d i f f e r e n t  c a rb o n y la te d  r r - c y c lo p e n ta d ie n y l -  
molybdenum s e l e n id e s .  F i r s t ,  a  m onito red  sample tak en  p r i o r  to  r e f l u x
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y ie ld e d  an I n f r a r e d  band a t  2026 cm '1 . Soon a f t e r  r e f l u x  was begun, 
bands developed  a t  1865 , 1875» 1946, and 1939 cm- 1 , c o in c id e n t  w i th  th e  
d is a p p e a ra n c e  o f th e  2026 cm"1 band . F i n a l l y ,  a  sample ta k e n  a t  th e  
end o f  th e  r e f l u x  p e r io d  produced a spec trum  w i th  b road  bands a t  I85I  
and 1907 cm*1 .
A d d i t io n a l  ev id e n c e  was accum ula ted  from a  r e a c t i o n  in v o lv in g  
d ip h e n y l  d i s e l e n i d e  and th e  molybdenum s t a r t i n g  m a t e r i a l  In  eq u lm o la r  
q u a n t i t i e s .  A benzene s o l u t i o n  c o n ta in in g  1 .5  mmole o f  th e  two sub­
s ta n c e s  was s t i r r e d  f o r  a  tim e b e f o re  i r r a d i a t i n g .  I n f r a r e d  bands were 
observed  a t  2026 and 1948 cm*1 in  a  m on ito red  sam ple .  R escann ing  showed 
t h a t  th e  r a d i a t i o n  p a s s in g  th rough  th e  sample in  th e  sp e c t ro p h o to m e te r  
was p roduc ing  an e f f e c t  s im i l a r  to  t h a t  d e s c r ib e d  f o r  t e l l u r i u m  in  
P a r t  1A and i l l u s t r a t e d  in  F ig u re  6 .  H ere , how ever, th e  e f f e c t  d id  
n o t  a p p ea r  to  be a s  r a p id  a s  i t s  d ip h e n y l  d i t e l l u r i d e  c o u n t e r p a r t .  The 
r e a c t i o n  m ix tu re  was i r r a d i a t e d  f o r  3 h o u rs  in  a  manner i d e n t i c a l  to  
t h a t  d e s c r ib e d  p r e v io u s ly  ( P a r t  IB ) .  A t th e  end o f  th e  i r r a d i a t i o n  
p e r i o d ,  th e  i n f r a r e d  spec trum  o f  a sample c o n s i s t e d  o f  bands a t  2026 ( s ) ,  
1948 ( s )  w i th  h ig h -e n e rg y  s h o u ld e r ,  1875 ( v w ) ,  and 1865 (vw ).
The r e a c t i o n  m ix tu re  was n ex t  warmed to  30° and s t i r r e d  f o r  a p ­
p ro x im a te ly  10 h o u r s .  The 1948 cm"1 band s p l i t  i n t o  two components a t  
1946 and 1959 cm"1 . The 1865 and 1875 cm"1 bands In c re a s e d  in  i n t e n s i t y  
d u r in g  t h i s  t im e .  The ap p earan ce  o f  th e  I n f r a r e d  sp ec tru m  a t  th e  con­
c lu s io n  o f th e  ex p er im en t appeared  to  be c o m p le te ly  ana logous  to  t h a t  o f  
[TT-CpMo(C0)eTePh3a d e s c r ib e d  p r e v io u s ly .
F o llo w in g  th e  f i l t r a t i o n  d e s c r ib e d  in  2A, th e  f i l t r a t e  was r e ­
duced to  a d a r k -c o lo r e d  s o l i d  by removal o f  s o l v e n t .  T h is  s o l i d  was 
s o lu L lu in  ca rbon  d i s u l f i d e ,  p ro d u c in g  an a i r  s e n s i t i v e  s o l u t i o n .  The
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i n f r a r e d  spec trum  In  the  c a rb o n y l  s t r e t c h i n g  r e g i o n ,  d e r iv e d  from a 
s o l u t i o n  p re p a re d  i n  ca rb o n  d i s u l f i d e  and p r o te c t e d  from th e  a i r ,  
c o n s i s t e d  o f  b road  bands a t  1851 and 1907 eta- 1 . These bands a r e  o f  
p e rh ap s  two t o  t h r e e  t im es  th e  i n t e n s i t y  o f  bands ob se rv ed  in  th e  
ca rb o n -h y d ro g en  s t r e t c h i n g  r e g io n .  Sharp bands i n  th e  c a rb o n y l  s t r e t c h i n g  
r e g io n  o f  th e  i n f r a r e d  spec trum  o f  [TT-CpMo(C0 ) 2TeFh3 2 , by c o n t r a s t ,  a r e  
p e rh ap s  te n  tim es  (o r  more) th e  I n t e n s i t y  o f  th o s e  i n  th e  ca rb o n -h y d ro g en  
s t r e t c h i n g  r e g io n .
3 . R e a c t io n s  o f  D iphenyl D i s u l f i d e  w i th  [TT-C^HsMo^Ojalg
A. P r e p a r a t io n  o f  [TT-CpMo(sCeHs)a3x
D iphenyl d i s u l f i d e  ( 6 .6  g ,  30 mmole) and [TT-CpMo(CO)33fi (3*0 g ,
6 .1  mmole) were r e f lu x e d  in  to lu e n e  (125 ml) in  a  300 ml r e a c t i o n  f l a s k .  
A f t e r  4 h o u rs  r e f l u x ,  th e  m ix tu re  was co o led  to  room te m p e ra tu re  and 
f i l t e r e d  under  n i t r o g e n .  A l ig h t -b r o w n ,  amorphous s o l i d  was s e p a r a t e d ,  
washed w ith  t o lu e n e ,  and vacuum d r i e d .  Y ie ld  was 85$> assum ing  x * 2 in  
th e  fo rm u la t io n  [TT-CpMo(SPh)a3x*
A n a ly s i s .  C a lc u la te d  f o r  C17H15S2M0 ; c a r b o n ,  53*83$; hydrogen ,
3 . 96$ ;  molybdenum, 25*29$; s u l f u r ,  1 6 .9 0 $ .  Found: c a rb o n ,  53*34$; 
h y d ro g en ,  4 .2 3 $ ;  molybdenum, 2 4 .9 4 $ ;  s u l f u r ,  1 6 .1 5 $ .
The a i r - s t a b l e  s o l i d ,  l i k e  i t s  se le n iu m  and t e l l u r i u m  a n a lo g s ,  
was too  in s o lu b le  f o r  c h a r a c t e r i z a t i o n s  by n . m . r .  and m o le c u la r  w e ig h t .  
I n f r a r e d  d a t a  i s  summarized in  th e  R e s u l t s  and D is c u s s io n  s e c t i o n .
B. Evidence  f o r  A d d i t io n a l  Tr-Cyclopentadienylmolybdenum S u l f id e s  
D iphenyl d i s u l f i d e  (0 .3 4  g ,  1 .5  mmole) and [n-CpMo(C0)3]2
(0 .7 3  g> 1 .3  mmole) were d i s s o lv e d  in  benzene (150  m l)  and co o led  to  
a p p ro x im a te ly  10°C i n  a 300 mi r e a c t i o n  f l a s k .  The m ix tu re  was s t i r r e d
a t  t h i s  te m p e ra tu re  f o r  a b o u t  5 h o u r s .  A m o n ito red  sam p le ,  t a k e n  o n ly  
10 m in u te s  a f t e r  m ix in g  o f  th e  s t a r t i n g  m a t e r i a l s ,  p roduced an  i n f r a r e d  
band a t  203?  cm- 1 . The i n t e n s i t y  o f  t h i s  band was enhanced by r a d i a ­
t i o n  from th e  N e rn s t  glower o f  th e  s p e c t ro p h o to m e te r ,  b u t  th e  r a t e  o f  
enhancement was much l e s s  th an  t h a t  o b se rv ed  in  th e  t e l l u r i u m  and 
se le n iu m  c a s e s .
The r e a c t i o n  m ix tu re  was n e x t  i r r a d i a t e d  w i th  t h e ' I n f r a r e d " l a m p  
used s u c c e s s f u l l y  in  p r e p a r a t i o n  o f  rr-CpMo(C0)3TePh. T h is  produced no 
marked changes i n  th e  i n f r a r e d  spec trum  o f  m o n ito red  sam p les .  The 
te m p e ra tu re  was in c r e a s e d  to  2?°C and i r r a d i a t i o n  was c o n t in u e d  u s in g  a 
1? w a t t  f l u o r e s c e n t  lam p, p o s i t io n e d  a s  c l o s e  a s  p h y s i c a l l y  p o s s i b l e  to  
th e  r e a c t i o n  f l a s k .  I r r a d i a t i o n  f o r  f o u r  h o u rs  a t  25°C f a i l e d  to  s i g n i ­
f i c a n t l y  I n c re a s e  th e  i n t e n s i t y  o f  a b s o r p t io n  o f  th e  2033  cm-1  band . 
I n t e n s i t i e s  o f  bands due to  s t a r t i n g  m a t e r i a l  d e c re a s e d  by o n ly  a 
nom inal amount. A b ro a d ,  asym m etric  band w as, how ever, obse rv ed  a t  
1875 cm '1 (w ). C on tinued  i r r a d i a t i o n  f o r  a b o u t  3 h o u rs  a t  an  in c r e a s e d  
te m p e ra tu re  o f  30°C r e s u l t e d  in  a lm o s t  com ple te  e l i m i n a t i o n  o f  th e  
2033 cm*1 ban d , a s  w e l l  a s  th o se  due to  s t a r t i n g  m a t e r i a l .  Development 
o f  broad bands a t  I 863  (m) and 1913 (w) were o b se rv e d .  A g a in ,  th e s e  
bands were n o ta b ly  w eaker th a n  p r e c u r s o r  c a rb o n y la te d  s p e c i e s .
The r e a c t i o n  m ix tu re  was n e x t  f i l t e r e d  to  y i e l d  a  sm a ll  q u a n t i t y  
o f  l ig h t - b r o w n ,  amorphous powder and a d a rk  y e l lo w -g re e n  f i l t r a t e .  The 
t a n  s o l i d  was found to  have an e le m e n ta l  a n a l y s i s  c o m p a tib le  w i th  th e  
f o rm u la t io n  [TT-CpMo(SPh)a3x ( s e e  JA).  Removal o f  s o lv e n t  from th e  f i l ­
t r a t e  y i e ld e d  a d a rk  s o l i d  o n ly  p a r t i a l l y  s o lu b le  in  CSg.
An a d d i t i o n a l  ex p e r im en t was made u t i l i z i n g  a  N e s t e r - F a u s t  im- 
m e r s ib le  m ercury  v a p o r  i r r a d i a t i o n  s o u rc e .  R e s u l t s ,  based  on I n f r a r e d
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e v id e n c e  o f  m o n ito red  sa m p le s ,  f a i l e d  to  r e v e a l  any a d d i t i o n a l  changes 
n o t  a l r e a d y  o b se rv ed  in  th e  p re v io u s  e x p e r im e n t s .
No e v id e n c e  h as  been  found f o r  a  s u l f u r  a n a lo g  o f  s p e c i e s - ty p e  
h e r e t o f o r e  fo rm u la te d  [rr-CpMofCOjaEPhla, E “  S e ,  Te. N e i th e r  h as  
t h e r e  been any ev id e n c e  in  th e  i n f r a r e d  f o r  a  low en ergy  companion o f  
t h e  2033  cm"1 band , p resum ably  due t o  a  monomeric s p e c i e s .
If. R e a c t io n s  o f  D iphenyl D ic h a lc o n ld e s  w i th  tt-CsH5W(C0)3H
A. P r e p a r a t io n  o f  TT-C5HsW(C0)3TeCeH5
D ipheny l d i t e l l u r i d e  ( 2 .2  g ,  5*^ mmole) and TT-CpW(C0)3H (3*^ g»
10 mmole) were r e f lu x e d  f o r  33 h o u rs  in  benzene (150  ml) u s in g  c o n d i ­
t i o n s  d e s c r ib e d  in  th e  g e n e ra l  e x p e r im e n ta l  s e c t i o n .  M onitored  sam ples 
o f  th e  r e a c t i o n  m ix tu re  d u r in g  th e  r e f l u x  p e r io d  r e v e a le d  th e  p re se n c e  
and growth o f  i n f r a r e d  bands a t  2012 and I926  cm"1 due to  monomeric 
TT-CpW(C0)3TePh. The g ra d u a l  r e c e s s io n  o f  bands a t  2022 and 1930 cm"1 , 
due to  s t a r t i n g  m a t e r i a l ,  was n o ted  c o n c u r r e n t l y .  The p o s i t i o n  o f  the  
1926 cm*1 band cou ld  n o t  be e s t a b l i s h e d  u n t i l  a f t e r  a b o u t  30 h o u r s ,  and 
th e n  i t  was n o ted  to  have a h ig h  en erg y  s h o u ld e r  a t  a b o u t  1937 cm*1 .
The r e a c t i o n  m ix tu re  was f i l t e r e d ,  y i e l d i n g  a  d a r k - r e d  f i l t r a t e .  
The s o lv e n t  was removed w ith  a  r o t a r y  e v a p o r a to r  a t  w a te r  a s p i r a t o r  
p r e s s u r e ,  and th e  r e s i d u e  was s u b je c te d  to  a  vacuum s u b l im a t io n  a t  150°C 
and 0 .2  mm. A f i n e l y  d i v i d e d ,  re d  s o l i d  (m .p . 10 l-103°C ) was c o l l e c t e d .  
S i g n i f i c a n t  d e c o m p o s it io n  was a p p a r e n t  from th e  c h a r a c t e r  and q u a n t i t y  
o f  r e s id u e  ( u n i d e n t i f i e d )  l e f t  in  th e  s u b l im e r .  E s t im a te d  y i e l d  was 20$ .
A n a ly s i s .  C a lc u la te d  f o r  Cj.4Hio03WTe: c a rb o n ,  31*27$; h y drogen ,
1 .8 7 $ ;  t e l l u r i u m ,  23*73$* m o le c u la r  w e ig h t ,  537*7* Found: c a rb o n ,
3 2 . 15$» h y d ro g en , 2 . 13$ ;  t e l l u r i u m ,  2 3 *11$ ;  m o le c u la r  w e ig h t ,  VfO 
( b e n z e n e - a i r ) .
3^
I n f r a r e d  a n d  n . m . r .  d a t a  i s  s u m m a riz e d  i n  t h e  R e s u l t s  a n d  D i s ­
c u s s i o n  s e c t i o n .
B. A ttem pted  P r e p a r a t io n  o f  CTT~CsH5W(C0)2TeGeH5]2
D ipheny l d i t e l l u r i d e  ( 1 .2  g ,  3-0  mmole) and TT-CpW(C0)3H ( 1 .9  8* 
3*8 mmole) were d i s s o lv e d  in  to lu e n e  (100 m l) .  The m ix tu re  was r e f lu x e d  
f o r  16 h o u rs  w i th  m o n i to r in g .  A f t e r  7 h o u rs  th e  i n f r a r e d  a n a l y s i s  o f  a 
sam ple r e v e a le d  a c o m p lic a te d  spec trum  in  th e  ca rb o n y l  s t r e t c h i n g  r e ­
g io n .  The p re se n c e  o f  TT-CpW(C0)3TePh ( se e  4A) was i n d ic a te d  by a  
m o d era te ly -w eak  band a t  2012 cm*1 . A s t r o n g  band a t  1926 cm*1 w i th  a 
r e s o l v e d ,  m o d e r a te ly - s t ro n g  companion a t  19^2 cm”1 was tak en  as  e v i ­
d ence  f o r  d i m e r l z a t i o n .  M o d e ra te ly - s t ro n g  bands a t  a b o u t  i860 and 
I 83O cm'1 were s u sp e c te d  to  be due to  th e  d im e r ,  b u t  t h i s  p i c t u r e  was 
bec louded  by th e  p re se n c e  o f t h r e e  a d d i t i o n a l  bands a t  I 903 m, 1883 w, 
and 1820 w cm"1 .
R e f lu x  was c o n t in u e d  fo r  a  t o t a l  o f  16 h o u r s .  T h is  was the  
tim e r e q u i r e d  f o r  th e  2012 cm*1 band o f  a  m o n ito red  sample to  be r e ­
duced to  a v e ry  sm a ll  v a lu e .  The r e a c t i o n  m ix tu re  was then  f i l t e r e d .
A sm a l l  amount o f  b la c k  r e s id u e  was o b ta in e d  on the  f i l t e r ,  bu t cou ld  
n o t  be i d e n t i f i e d .  The f i l t r a t e  was reduced  to  a b l a c k ,  s t i c k y  s o l i d .  
A f t e r  vacuum d r y in g ,  th e  I n f r a r e d  spec trum  o f  t h i s  s o l i d  in  ca rbon  d i ­
s u l f i d e  showed bands a t  1820 w, 1849 m, i860  m, l8 8 l  w, 1904 raw, 1926 s ,  
1942 m, 2012 vw cm"1 .
A ttem p ts  to  r e c r y s t a l l i z e  t h i s  c rude  s o l i d  were u n s u c c e s s fu l .  
S o lu t io n s  in  benzene and c a rb o n  d i s u l f i d e  a r e  e x tre m e ly  a i r - s e n s i t i v e .  
A n a ly s is  o f  c ru d e  s o l i d  f o r  ca rb o n  and hydrogen  gave v a lu e s  on ly  
s l i g h t l y  to o  h ig h  f o r  a d im er f o r m u la t io n ,  [rr-CpW(C0)2TeFh]2. C a lc u la te d  
• fo r  CgeHgoCUTegWg: c a rb o n ,  30*64$; h y drogen , 1 .98$ .  Found: c a rb o n ,
3 1 .2 0 $ ;  h o drogen , 2 .4 6 $ .  The n .m . r .  spectrum  su g g e s ts  th e  p o s s i b i l i t y  
o f  isom erism .
C. R e a c t io n  o f  D iphenyl D is e le n id e  w i th  TT-CsHsWtCO)^
D iphenyl d i s e l e n i d e  ( 1 .6  g ,  5*1 mmole) and ir-CpW(C0)aH ( l . l  g ,
3*3 mmole) were d i s s o lv e d  in  benzene (123  ml) and h e a te d  a t  30~60°C fo r  
a b o u t  3 h o u r s .  D uring  t h i s  time th e  s o l u t i o n  became deep red-b;*own.
The s o lv e n t  was removed from th e  r e a c t i o n  m ix tu re  and th e  s o l i d  washed 
th o ro u g h ly  w ith  h ex an e . A re d  s o l i d ,  m .p . 108-112°C, was o b ta in e d .  
S o lu t io n s  o f  t h i s  s o l i d  a r e  s i r - s e n s i t i v e
A n a ly s i s .  C a lc u la te d  f o r  Ci^HioOsWSe: c a rb o n ,  3 4 * 3 8 hydrogen ,
2 . 0 6$ .  Found: c a rb o n ,  34.96#* hydrogen , 2.39$*
The i n f r a r e d  spec trum  o f  t h i s  s o l i d  shows bands a t  2022 ( v s ,  s p ) ,  
1936 (vs), w i th  u n re so lv ed  h ig h  en ergy  s h o u ld e r .  T h is  i s  i l l u s t r a t e d  in  
th e  R e s u l t s  and D is c u s s io n  s e c t i o n .
D. R e a c t io n s  o f D iphenyl D i s u l f i d e  w i th  tt-CsH5W(C0)3H
Two a t te m p ts  were made to  o b ta in  p ro d u c ts  by r e a c t i n g  d ip h e n y l  
d i s u l f i d e  w i th  iT-CpWfCOjgH a t  te m p e ra tu re s  ra n g in g  from am bien t to  
benzene r e f l u x  (80°C ). M o n ito r in g  r e v e a le d  th e  p re se n c e  o f  a  monomeric 
s p e c ie s  a s  ev idenced  by a sha rp  band a t  2030 cm-1 in  th e  ca rb o n y l  s t r e t c h ­
ing  r e g io n .  A ttem pts  to  I s o l a t e  a p ro d u c t  r e s u l t e d  in  a  b la c k ,  i n t r a c t -  
i b l e  mass.
5 • R e a c t io n s  o f  D iphenyl D ic h a lc o n ld e s  w i th  tt-C5H5v (C0)4
A. P r e p a r a t io n  o f  CTTCsH5V(TeC6H5 )g3x
Orange c r y s t a l s  o f  TT-CpVfCO)* ( 1 .6  g ,  T*0 mmole) and d ip h e n y l  
d i t e l l u r i d e  ( 2 .9  g ,  7*0 mmole) were r e f lu x e d  f o r  24 h o u rs  i n  t o l u e i e  
(100 m l) .  The m ix tu re  was th en  f i l t e r e d  to  y i e l d  a red -b ro w n , p o o r ly  
c r y s t a l l i n e  s o l i d  and a  d a r k -c o lo r e d  f i l t r a t e .  I n f r a r e d  a n a l y s i s  of
36
th e  f i l t r a t e ,  f o l lo w in g  removal o f  th e  s o lv e n t ,  r e v e a le d  o n ly  a  weak 
band due to  TT-CpV(C0)4 in  th e  c a rb o n y l  s t r e t c h i n g  r e g io n .  The r e d -  
brown s o l i d  was washed w ith  to lu e n e  and h ex an e ,  and vacuum d r i e d .  The 
f i n e l y  d iv id e d ,  a i r - s t a b l e  p ro d u c t  i s  in s o lu b le  i n  h y d rocarbon  s o lv e n t s  
and ca rb o n  d i s u l f i d e .  Y ie ld  was 2 .0  g o r  5^$
A n a ly s is .  C a lc u la te d  f o r  C ^H isT eaV : c a rb o n ,  38*86$ ;  hydrogen ,
2 .8 8 $ ;  t e l l u r i u m ,  U8.57$; vanadium , 9*69$* Found: c a rb o n ,  38*80$;
h y drogen , 3 *03$ ;  t e l l u r i u m ,  V r . l7 $ ;  vanadium , 9*9$*
B. P r e p a r a t io n  o f  tTT-C5H5V(SCeH5)2]x
D iphenyl d i s u l f i d e  ( 1 .8  g ,  8 .3  nmole) and ir-CpV(C0)4 (1*7 g>
7*3 nmole) were t r e a t e d  i n  the  same manner as  t h a t  d e sc r ib e d  in  5A- Re­
f l u x  was c o n t in u ed ,  however, fo r  U0 ho u rs .  No ca rbony la ted  m a t e r i a l  was 
rec o v e ra b le  from the f i l t r a t e  and a red-brown, poor ly  c r y s t a l l i n e  s o l id  
was c o l l e c t e d  on the  f i l t e r .  S o l u b i l i t y  p r o p e r t i e s  o f  [TT-CpV(SPh)g]x
p a r a l l e l  th o se  o f  i t s  t e l l u r i u m  a n a lo g .  F o llo w in g  w ash ing  and d r y in g ,
«
the  y i e l d  was 2 .2  g or  38$.
A n a ly s is .  C a lc u la te d  f o r  C17H15S3V: c a rb o n ,  6 1 .0 6 $ ;  h y d ro g en ,
U .52$; s u l f u r ,  19*18$; vanadium , 13 .2 3 $ . Found: c a rb o n ,  6 1 .0 4 $ ;
hydrogen , U .73$; s u l f u r ,  1 9 *1^ $ ;  vanadium , 1 3 *0$ .
C. P r e p a r a t i o n  o f  [TT-CsHgVCSeCeHsJalx
The r e a c t i o n  o f  d ip h e n y l  d i s e l e n i d e  ( 3*0 g ,  9*3 mmole) and 
rr-CpV(C0 )4  ( 2 .0  g ,  8 .8  mmole) was d i f f e r e n t  from th e  r e a c t i o n s  d e s c r ib e d  
in  th e  fo re g o in g  o n ly  i n  t h a t  ( a )  a d a r k -c o lo r e d  com m ercial so u rc e  o f  
vanadium s t a r t i n g  m a t e r i a l  was u s e d ,  and (b )  th e  r e a c t i o n  was m onito red  
to  e s t a b l i s h  the  tim e r e q u i r e d  f o r  maximum y i e l d .  The t o t a l  r e f l u x  
t im e ,  i n  to lu e n e  (100  m l) ,  was 12 h o u r s .  M onito red  samples taken  d u r in g
t h i s  tim e r e v e a le d  no e v id e n c e  f o r  any c a r b o n y l - c o n ta in in g  s u b s ta n c e s  
o th e r  than  th e  s t a r t i n g  m a t e r i a l .  A re d -b ro w n ,  f i n e l y  c r y s t a l l i n e  
s o l i d  p ro d u c t  was o b ta in e d  by f i l t e r i n g  o f  th e  r e a c t i o n  m ix tu re .  A gain ,  
t h i s  s o l i d  was h ig h ly  i n s o l u b l e  In  h y d ro ca rb o n  s o l v e n t s ,  a l th o u g h  a i r -  
s t a b l e .  Y ie ld  was 3*3 8 o r  87$ .
A n a ly s i s .  C a lc u la te d  f o r  C17HiSSe2V: c a rb o n ,  1+7.69#* hydrogen ,
3.53$* Found: c a rb o n ,  4 8 .2 0 $ ;  h y d ro g en ,  3*66$.
RESULTS AND DISCUSSION
1. F o rm u la t io n s
A. Monomeric TT-Cyclopentadlenylm etal C arbony l C h a lco n ld es
A summary o f  th e  p r e p a r a t i v e  r e a c t i o n s  r e p o r t e d  in  th e  E x p e r i ­
m en ta l  s e c t i o n  i s  p r e s e n te d  i n  T ab le  I I .  Among th e s e  r e a c t i o n s  a r e  fo u r  
i n  which th e  m ajor p ro d u c t  i s  a s s ig n e d  a  monomeric fo rm u la t io n ,  
TT-CpM(C0)3EPh (M -  Mo, W; E ■ S e ,  T e ) .  Two o f  t h e s e ,  TT-CpMo(C0)3TeFh 
and i t s  tungBten a n a lo g ,  have been i s o l a t e d  in  r e l a t i v e l y  pure  form .
The tu n g s te n  s e le n id e  was I s o l a t e d ,  b u t  l i k e  i t s  molybdenum a n a lo g ,  no 
a t t e m p t  was made to  o b ta in  a pure  p r o d u c t .  Both s e l e n id e s  a p p e a r  to  
p o s se s s  p o o re r  th e rm a l s t a b i l i t i e s  th an  t h e i r  t e l l u r i u m  a n a lo g s .  E v i ­
dence was o bserved  f o r  th e  p re se n c e  o f  bo th  molybdenum and tu n g s te n  
s u l f i d e  d e r i v a t i v e s ,  b u t  th e s e  do n o t  a p p e a r  to  be i s o l a b l e  by methods 
employed i n  th e  work in v o lv ed  f o r  t h i s  D i s s e r t a t i o n .  Ev idence  f o r  th e  
a s s ig n m en ts  h as  come from a co m b in a t io n  o f  s o u rc e s :  e le m e n ta l  a n a l y s e s ,
m o le c u la r  w e ig h t  d e t e r m in a t i o n s ,  i n f r a r e d  s p e c t r a ,  n u c le a r  ( p ro to n )  
m agnetic  re so n an ce  s p e c t r a  and m e l t in g  p o in t  d a t a .
The most s t a b l e  and e a s i l y  p u r i f i e d  monomer i s  th e  tu n g s te n  
d e r i v a t i v e ,  TT-CpW(C0)3TePh, which was I s o l a t e d  by s u b l im a t io n .  E le ­
m en ta l a n a ly s e s  and m o le c u la r  w e ig h t  d a t a  found f o r  t h i s  complex a r e  
compared w i th  t h a t  c a l c u l a t e d  f o r  bo th  monomeric and d im e r ic  fo rm u la t io n s  
in  T ab le  I I I - A .  The m o le c u la r  w e ig h t  d a t a  i n d i c a t e s  t h a t  th e  tu n g s te n  
d a t a  i s  in  e r r o r .  M o lec u la r  w e ig h t  d a t a  p r e s e n te d  f o r  n-CpMo(C0)3TePh 
in  th e  E x p e r im e n ta l  s e c t i o n  a l s o  i n d i c a t e s  a monomer. T h is  d a t a ,  how­
e v e r ,  i s  s u b je c t  to  c o n s id e r a b le  u n c e r t a i n t y  due t o  e x p e r im e n ta l  d i f f i ­
c u l t i e s  e n c o u n te red  in  th e  osmometry, and to  th e  use  o f  a  sample known 
to  be *bou t yyfc d im e r .
TABLE I I  
SWMARY OF REACTIONS
Product
G e n ' l .  Formula L Metal S u b s t r a te L ig a n d S o lven t
TT-CpMfCOJaL Mo TePh [fr-CpMo ( CO ) 3^2 Ph2Te2 benzene
Mo SePh [n-CpMo(C0)3]2 PhgSe2 benzene
W TePh TT-Cjtf(C0)3H Ph2Te2 benzene
W SePh ir-CpW(C0)3H Ph2Se2 benzene
[TT-CpM(C0)2L]2 Mo TePh [TT-CpMo(C0)332 Ph2Te2 benzene
Mo SePh [TT-CpMo(C0)3] 2 FbpSeg benzene
W TePh TT-CpW(C0)3H Ph2Te2 to lu en e
[tT-CpMLe ] x Mo TePh [n-CpMo(CO)2TeIh ] 2 Ph2Te2 xylene
Mo SePh [ir-CpMo(C0)3] 2 Ph2Se2 benzene
Mo SPh [TT-CpMo(C0)3] 2 Ph2Se2 to lu en e
V TePh *-CpV(C0)4 Ph2Te2 to lu e n e
V SePh TT-CpV(C0)4 Ph2Se2 to lu en e
V SPh TT-CpV(C0)4 Ph2Se2 to lu en e
Tine
T e m p e r a tu r e ,° C  ( h r s ) Comnents
25°
25°
80° ( r e f lu x )
<60°
80° ( r e f lu x )
50°
110° ( r e f lu x )  
139°  ( r e f lu x )  
80° ( r e f lu x )
HOP ( r e f lu x )
110° ( r e f lu x )
110° ( r e f lu x )
100P ( r e f lu x )
I r r a d i a t e d ;
m onito red .
I r r a d i a t e d ;  




m o n ito red .
M onitored.
M onitored; 
p roduct no t 
i s o l a t e d .
I d e n t i t y  uncer­
t a i n ;  m onitored
Not m onitored .
M onitored; X 's  
l ig an d  used.
Not m onito red ; 
X 's  l ig an d  used
R eaction  
in co m p le te .
M onitored; r e ­
a c t io n  complete
Not m onito red ;
















TABLE I I I  
COMPARATIVE ANALYTICAL DATA
A. Monomer TT-CpW(C0)3TePh
C a lc u la te d  for*
Found Monomer Dimer
Carbon 32.15 31.27 30 .64
Hydrogen 2 -1 5 1.87 1 .9 8
T e llu r iu m 2 3 . l l 2 3 .7 3 2 5 .0 4
T ungsten 36 .6 8 34.19 36 .07
Mol. Wt. 470 537-7 1019.3
Dimer [rT-CpMo(CO) 2TePh]2
C a lc u la te d fo r*
Found Monomer Dimer
Carbon 37 .14 37*39 37-02
Hydrogen 2 .4 9 2 .2 4 2 .3 9
T e llu r iu m 31 .16 2 8 .3 7 30.25
Molybdenum 23-37 2 1 .3 3 22 .75
Mol. Wt. 840 4 4 9 .8 843-5
Monomer fo rm ula ~ C i4 % o03TeM (M • W, Mo).
Dimer fo rm ula * CasHaoO^Te^2 (M -  W, Mo).
k l
I n f r a r e d  s p e c t r a  ( c a r b o n y l - s t r e t c h i n g  r e g io n )  f o r  f o u r  monomers 
a r e  rep ro d u ced  In  F ig u re s  7 *nd 3 .  These may be compared w i th  th o se  f o r  
complexes a s s ig n e d  d im e r ic  f o r m u la t io n s ,  I l l u s t r a t e d  In  F ig u re s  9 and 10* 
The i n f r a r e d  d a t a  summarised In  T ab le  IV s y s t e m a t l s e s  c a r b o n y l - s t r e t c h i n g  
f r e q u e n c ie s  f o r  m ost o f  th e  known d e r i v a t i v e s  o f  fo rm u la  TT-CpMo(C0 )3L, 
and in c lu d e s  d a t a  o b ta in e d  d u r in g  r e s e a r c h  f o r  t h i s  D i s s e r t a t i o n .  Ex­
c e p t  f o r  th e  t h r e e  complexes f o r  which t h e r e  i s  in co m p le te  r e s o l u t i o n  
o f  th e  low en ergy  b an d s ,  Vg and V3 , and f o r  th e  p h e n y l s u l f ld o  d e ­
r i v a t i v e ,  th e s e  com plexes a r e  c h a r a c t e r i z e d  by a  h ig h -e n e rg y  band 66- 
83 cm-1 (mean 71 cm"1 ) h ig h e r  th a n  th e  h i g h e s t  o f  th e  two lo w er-en e rg y  
b a n d s .  The two low -energy  b an d s ,  by c o n t r a s t ,  d i f f e r  by o n ly  7"3^ cm*1 
(mean 20 cm"1 ) .  A bsent from t h i s  t a b l e  I s  th e  r e p o r t e d  monomer 
TT-CpMo(C0 ) 3SC6H x i , p u r p o r te d ly  produced from cy c lo h ex en e  s u l f i d e  and 
TT-cyclopentadienylmolybdenum t r i c a r b o n y l  d im e r .23 T his  compound was 
r e p o r te d  to  be an  a i r - s e n s i t i v e  l i q u i d  w ith  an i n f r a r e d  spec trum  con­
s i s t i n g  o f  two a b s o r p t io n  bands in  th e  c a r b o n y l - s t r e t c h i n g  r e g io n :  Vi
a t  1975 (®) and Va a t  1905 (m) cm*1 . The l a t t e r  i s  o f  v e ry  low i n t e n ­
s i t y ,  e s p e c i a l l y  when viewed in  com parison  w i th  o t h e r  r e p o r te d  non­
c a rb o n y l  b an d s .  The p o s i t i o n  o f  th e  two bands and t h e i r  c h a r a c t e r  r e ­
l a t i v e  to  d a ta  f o r  o th e r  monomers, g iv en  in  T a b le  IV , b r in g  th e  formu­
l a t i o n  i n t o  q u e s t i o n .
A summary o f  I n f r a r e d  s p e c t r a  d a ta  f o r  b o th  tu n g s te n  and molyb­
denum d e r i v a t i v e s  o f  fo rm ula  TT-CpM(C0)3L i s  In c lu d e d  in  T ab le  V. The 
I n t e n s i t y  o f  th e s e  bands (n o t  i n d i c a t e d )  were found to  be s t r o n g e r  than  
th o se  o f  any o th e r  band o u t s i d e  th e  c a rb o n y l  r e g io n  by a t  l e a s t  a  f a c t o r  






































INFRARED SPECTRUM OF [TT-C5H5Mo(CO)g SeC 6H5 ] 2
2000 1900
TABLE IV
COMPARISON OF INFRARED DATA FOR 
MONOMERIC tt-CYCLOPENTADIENYLMOLYBDENUM DERIVATIVES
Complex Vi(CO) Vfi(CO) v 3(C0) S o lv e n t Ref
TT-CpMo(CO)aNCS 2068 cm"1 1997( b r )  cm"1 ---- CHC13 57
TT-CpMo (CO) gSCN 2056 1988 1974 cm*1 c h c i3 57
TT-CpMo(C0)3Cl 2055 1980 I960 CCl* 56
n-CpMo(C0)3Br 2049 1977 1958 e c u 56
tt- CpMo ( CO) aAs (CFa) a 2040 1974 1956 CS£ 49
TT-CpMo(C0)3I 2040 1968 1955(*h) e c u 56
TT-CpMo(C0)3SPh 2053 — ---- c s £ a
TT-CpMo(CO) 3SePh 2026 . . . 1948(b r ) c s 2 a
TT-CpMo(CO) 3TePh 2016 1948(sh) 1937 c s 2 a
TT-CpMo (CO) 3SnClMe2 2013 1947 1913 e c u 1
TT-CpMo ( CO) 3GePh 3 2008 1925 1918 e c u 1
TT-CpMo (CO ) 3SaPh 3 2004 1934 I 909 CCI4 1
TT-CpMo(CO) 3PbPh3 2002 1934 1910 e c u 1
TT-CpMo(CO) 3SnMe3 1997 1922 1895 e c u 1
TT-CpMo (CO ) 3PbMe3 1992 1921 1895 e c u 1
TT-CpMo(CO)3CH3 2023 1935 — CSs 56
TT-CpMo ( CO) sH 2030 1949 19i3(w ) c s2 56




A . M o n o m e r ic  T T - C y c l o p e n t a d l e n y l  C a r b o n y l  D e r i v a t i v e s ,  [ n - C p M tC O ) ^ . ]
M L Vl va v 3
Mo TePh 2016 1948(sh ) 1937
SePh 2026 — 1948( b r ) b
SPh 2033° — —
W TePh 2012 1937 1926
SePh 2022 — 1 9 3 6 (b r)d
SPh 2030C — —
Dimeric n -C y c lo p e n ta d ie n y l  Carbonyl D e r i v a t i v e s ,  [n-CpM(C0)£L ]2
JL L Vi vg V 3 v 4 O th er
Mo TePh 1950 1935 1875 i 860 1965( sh )
SePh i 960 1945 1875 1865 1975( sh ) , 1812(w)
w€ TePh 1942 1926 1860 1849 1820, 1881, 1904
(a)  Carbon d i s u l f i d e  s o l u t i o n s ,  0 .4  mm p a th .
(b )  n o t  r e s o lv e d ;  p ro d u c t  n o t  i s o l a t e d .
( c )  v2 , v 3 were n o t  o b se rv e d ;  p ro d u c t  n o t  I s o l a t e d .
( d )  v 2  n o t  r e s o l v e d .
( e )  F o r m u l a t i o n  i n  d o u b t .
U8
M e lt in g  p o in t  d a t a  f o r  th o se  complexes i s o l a t e d  i n  f a i r l y  pu re  
form i s  p r e s e n te d  in  T ab le  V I. The l a r g e  d i f f e r e n c e  in  th e  m e l t in g  
p o i n t  o f  TT-CpMo(C0 ) 3TePh and [TT-CpMo(C0 ) aTePh]2 , a p p ro x im a te ly  95°C , 
i s  r e f l e c t e d  in  d i f f e r e n c e s  between s i m i l a r  complexes in v o lv in g  i r o n 25 
a l s o  l i s t e d  in  T ab le  VI. P a r t i c u l a r l y  s i g n i f i c a n t  i s  th e  f a c t  t h a t  
TT-CpFe(C0 ) 2SPh m e l ts  a t  a  te m p e ra tu re  90°C below th e  therm odynam ica lly  
s t a b l e  iso m e r ,  [TT-CpFe(CO)SPh]g.
The n u c le a r  m agne tic  re so n an ce  d a ta  p r e s e n te d  in  Tab le  V II le n d s  
a d d i t i o n a l  c red en ce  to  th e  fo rm ulas  g iv e n .  Here th e  re so n a n c e  f re q u e n ­
c i e s  o f  c y c lo p e n ta d ie n y l  p ro to n s  f o r  d e r i v a t i v e s  p re p a re d  h e re  a r e  
l i s t e d  a lo n g  w ith  d a t a  f o r  s i m i l a r  i r o n  com plexes2 5 . A gain ,  a c o n s i s ­
t e n t  t r e n d  i s  o b se rv e d .  The d im e r ic  molybdenum d e r i v a t i v e  shows c y c lo ­
p e n ta d ie n y l  p ro to n  re so n an ce  f req u en cy  ab o u t 0 .2  ppm lower ( 0 .2  T h ig h e r )  
th an  th e  com parable monomer. With the  i r o n  d e r i v a t i v e s ,  th e  d i f f e r e n c e  
i s  a b o u t  0 . ?  PPm f ° r  t h e com parable  p h e n y ls u l f id o  c a s e .
The n .m . r .  s p e c t r a  a l s o  i n d i c a t e  t h a t  th e  complexes a r e  diamag­
n e t i c  a s  fo rm u la te d .  The TT-cyclopentadienyl p ro to n  re so n a n c e s  a r e  a l l  
e x tre m e ly  s h a rp  p e a k s .  A d d i t i o n a l l y ,  each complex shows a co m p lica ted  
phenyl re so n an ce  in  which t h e r e  i s  always a_ v ery  sh a rp  peak due to  an 
unde te rm ined  pheny l-h y d ro g en  re so n a n c e .
A lthough  a number o f  s i m i l a r  i r o n  complexes have r e c e n t l y  been 
r e p o r t e d ,  TT-CpFe(C0)aSR (R ■ Me2 5 *2 ®, E t2 5 , and Ph2 5 ) , th e  compounds 
TT-CpMo(C0 ) 3TePh and TT-CpW(C0 ) 3TePh r e p r e s e n t  th e  f i r s t  i s o l a t e d  mono­
m er ic  com plexes where group VI (oxygen e x c e p te d )  o rg a n o l ig a n d s  a r e  














( a )  Data f o r  therm odynam ica lly  s t a b l e  isom er.
(b )  Data f o r  the rm odynam ica lly  u n s ta b l e  isom er.
TABLE V I I
NUCLEAR (PROTON) MAGNETIC RESONANCE DATA*
Complex v (C«H*)
TT-CpMo(CO)3TePh 5 .2 8  ppm
TT-CpW (CO) 3TePh 5 *Ul ppm
TT-CpW(CO)3SePh 5 .5  ppm
[n-CpMo(CO)2TePh] 2 5 .1 2  ppm
[ tt- CpMo ( CO ) £S ePh ] 2 5 .2  ppm
Tr-CpFe(CO)2SMe 4 .8 7  ppm
TT-CpPefCOJsSPh 4 .8 3  ppm
[iT-CpFe(CO)SMe] 2 ^ .2 6  ppm
[n-CpFe(CO)SPh] 2 ^ .4 9  ppm'
( a )  I n  CS2  s o l u t i o n s •
( b )  T h e r m o d y n a m i c a l l y  s t a b l e  i s o m e r .
B. D im eric  TT-Cvclopentadlenvlm etal Carbonyl C h a lco n id es
Three o f  th e  r e a c t i o n s  summarised In  T a b le  I I  have been l i s t e d  
a s  h a v in g  d im e r ic  p r o d u c t s .  In  o n ly  one o f  t h e s e ,  how ever, h a s  a  p ro ­
d u c t  been I s o l a t e d .  The complex Crr-CpMo(co)£TePh]s was o b ta in e d  as  
w e l l - d e f in e d  c r y s t a l s  from benzene-hexane  s o l u t i o n .  X -ray  s tu d i e s  
co n c e rn in g  th e  s t r u c t u r e  o f  t h i s  compound a r e  p r e s e n t l y  b e in g  i n v e s t i ­
g a te d 5 9 . A n a l y t i c a l  d a t a  l i s t e d  in  T a b le  I I I - B  c l e a r l y  i n d i c a t e  a  d im er 
(n o te  c o m p a r iso n s ) .  I n f r a r e d ,  m e l t in g  p o i n t ,  and n .m . r .  d a t a  have 
a l r e a d y  been c i t e d  ( s e e  T a b le s  V, V I, and V I I ) a s  ev id en ce  to  su p p o r t  
th e  d im e r ic  f o rm u la t io n .
The c lo s e  s i m i l a r i t y  o f  th e  spec trum  o f  [TT-CpMo(C0)gSeFh3£ to  
t h a t  o f  i t s  t e l l u r i u m  a n a lo g  ( s e e  F ig u re s  9 and 1°) 1* c o n s id e re d  good 
ev id e n c e  f o r  i t s  e x i s t e n c e .  No a t te m p t  was made, how ever, to  i s o l a t e  
t h i s  complex.
The r e p o r t e d  i n f r a r e d  spec trum  o f  [TT-CpMo(C0)£SMe32 31 i s  of 
i n t e r e s t .  T h is  complex was r e p o r te d  to  have a b s o r p t io n s  a t  1965, 19^7, 
1877 t and 1869 cm-1 in  cy c lo h ex an e  s o l u t i o n ,  c l e a r l y  in  a c c o rd  w ith  f o r ­
m u la t io n s  and d a t a  p r e s e n te d  h e r e .
The p ro d u c t  o f  r e a c t i o n  o f  TT-CpW(C0)3H w i th  d ip h e n y l  d i t e l l u r i d e ,  
under p ro longed  r e f l u x  in  t o l u e n e ,  i s  a  b la c k  s o l i d  whose a n a l y t i c a l  
d a ta  (c ru d e  p ro d u c t )  i n d i c a t e s  a  d im e r .  The i n f r a r e d  spec trum  i s  s i m i l a r  
in  some r e s p e c t s  w ith  th o se  o f  th e  d im ers  r e p o r t e d  f o r  molybdenum, b u t  
a d d i t i o n a l  bands a r e  p r e s e n t  i n  th e  c a rb o n y l  s t r e t c h i n g  r e g i o n .  The 
n .m . r .  spec trum  showed a t  l e a s t  two peaks where TT-cyclopentadienyl 
p ro to n s  shou ld  r e s o n a t e .  These e v id e n c e s  s u g g e s t  th e  p o s s i b i l i t y  o f  
isom erism , b u t  no unambiguous c o n c lu s io n s  can  be made a t  t h i s  t im e .
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C. D eca rb o n y la ted  TT-Cyclopentadienylm etal C h a lc o n id e s
Among th e  p ro d u c ts  l i s t e d  in  T a b le  I I  a r e  s i x  whose e le m e n ta l  
a n a ly s e s  su g g e s t  fo rm u la t io n  [TT-CpM(CPh)g3x (M -  Mo, V; E -  S , S e , and 
T e ) .  These s u b s ta n c e s  were I s o l a t e d  a s  I n s o l u b l e ,  am o rp h o u s- l ik e  s o l i d s .
The molybdenum d e r i v a t i v e s  a r e  formed a s  th e  l a s t  s t e p  In  a sequence 
t h a t  in v o lv e s  bo th  a  monomer and a d im e r ,  a t  l e a s t  in  th e  c a s e s  where 
se le n iu m  and t e l l u r i u m  a r e  In v o lv e d .  I t  i s  t h e r e f o r e  r e a s o n a b le  to  co n ­
s i d e r  them to  be p o ly m e r ic .  Analogy w i th  r e l a t e d  work2 9 *3 2 , how ever, 
s u g g e s ts  th e  s t r u c t u r e s  o f  th e s e  com plexes may in v o lv e  t e t r a - b r i d g e d  
d im ers  (x  ■ 2 ) .  B i s ( t r l f l u o r o m e t h y l j d i t h i e t e n e  r e a c t s  w i th  
[n-CpMo(CO)3] 2 in  r e f l u x i n g  m ethy l cy c lo h ex an e  to  y i e l d  a  p ro d u c t  f o r  
which X -ray  s t u d i e s  have r e v e a le d  fo u r  s u l f u r  b r id g e s  and a  m e ta l -m e ta l  
bond26 ( s e e  F ig .  5 ,  r e a c t i o n  b ) .  T h is  le n d s  c re d e n c e  to  p roposed  a n a lo ­
gous s t r u c t u r e s  o f  [n-CpMo(SMe)23£ and [n-CpV(SMe)a32 30 ( s e e  F ig .  3» 
r e a c t i o n  a ) .  A d d i t io n a l  s p e c u l a t i o n  c o n c e rn in g  th e  s t r u c t u r e  o f  th e  
d e r i v a t i v e s  f i r s t  r e p o r te d  h e r e  w i l l  be postponed  u n t i l  th e  fo l lo w in g  
s e c t i o n .
Recorded i n f r a r e d  d a t a  f o r  th e s e  c o m p le te ly  d e c a rb o n y la te d  
s p e c ie s  i s  summarized in  T a b le  V I I I .  C o n sp icu o u s ly  a b s e n t  were a b s o rp ­
t i o n s  in  th e  c a rb o n y l  s t r e t c h i n g  r e g i o n .  D ata  f o r  l ig a n d  s t a r t i n g  
m a t e r i a l s  i s  a l s o  p r e s e n te d  f o r  com p ariso n .
2 .  Com parative Chalcogen-D onor C hem is try
E xperim en ts  d e s c r ib e d  in  th e  E x p e r im e n ta l  s e c t i o n  w ere d e s ig n e d  to  
p ro d u c e ,  i s o l a t e  and c h a r a c t e r i z e  t e l lu r iu m - d o n o r  com plexes , a s  w e l l  a s  
t o  compare r e a c t i o n s  o f  an a lo g o u s  c h a lc o n id e  l i g a n d s .  The v a r i e t y  o f  
p ro d u c ts  o b ta in e d  in  r e a c t i o n s  in v o lv in g  d ip h e n y l  d i t e l l u r i d e  and [TT-CfcMofCOJslg
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TABLE V I I I
INFRARED DATA FOR [TiC5H5M (E P h )£ ] x  DERIVATIVES AND (C 6H5 ) fiE e  LIGANDS*
E -  Te E -  Se E -  S
M -  Mo PhpTeja M *  Mo M -  V PhpSe-> M -  Mo P h p S s s
320 w
390 w 400 w 400 vw
462 m 490 m 450 vw
500  m
666  w 687 m,sh
695 8 688 ms 693 ms 693 m 688  ms 697 688  ms
736 s 729 8 737 8 740 8 734 s 741 s 738 8
790 m 788  raw 802 s 790 m 760 w
826 m 810 raw 820  in 817  mw
845 w ,sh 835 vw
0CO
905  vw 901 vw
999 m 997 m 1044 raw 1001 w 998 raw 1005 m 999  w
1016 m 1016 ms 1022 m 1022 ms 1021 m 1024 ms 1024 m
1063 w 1064 w 1067 w IO67  raw IO65 w 1066 m 1069 w
1075 w
1105 w 1107 w 1106 w
1160 vw 1156 vw
1179 w 1179 vw 1180 vw 1170 vw
1297 VW 1295 w 1300 vw 1299 VW 1300 vw
1324 vw 1325 w
1432 m 1427 w .sh 1437 in 1427 w
1438 m 1437 8
1473 m 1477 m 1476 s 1468 s
1478 m
1572 0 1577 ms 1576 m 1578 s
3055 8h 3055 «n 3060 vw 3060 w 3060 w 3065 w
3065 w 3065 m 3070 vw 3076 w 3070 w 3070 w 3075 w
( a ;  KBr d i s c s
i s  s u r p r i s i n g  in  v iew  o f  p re v io u s  r e s u l t s  o b ta in e d  w i th  com parab le  s u l ­
f u r ,  phosphorus  and a r s e n i c  s u b s t r a t e s .  The o n ly  monomeric s p e c ie s  
w hich have been p re p a re d  d i r e c t l y  from d im e r ic  TT -cyciopen tad ienylm eta l 
c a rb o n y ls  o f  th e  type  [TT-CpM(CO)n ] e  a r e  TT-CpFe(C0)aSMe2®, TT-CpFe(CO)£As- 
(CFsJs* *nd TT-CpMo(C0)3&s(CF3 )s . 48 These and monomers produced  by o th e r  
methods a r e  summarised in  T ab le  IV. R eported  d im e r ic  com plexes o f  th e  
ty p e  [TT-CpM(CO)nL ]fi a r e  f a i r l y  numerous and a r e  in c lu d ed  in  Table  IX. 
Complexes o f  th e  ty p e  [n-CpM(SR)£3x have been  r e p o r t e d 2 8 *30 and a s  a s ­
sumed v a lu e  o f  x  ■ 2 I n d i r e c t l y  i n d i c a t e d .
The method r e p o r te d  h e re  f o r  p ro d u c in g  th e  monomer rr-CpMo(C0)3TeFh 
was d is c o v e re d  fo l lo w in g  th e  p r e p a r a t i o n  o f  i t s  more s t a b l e  tu n g s te n  
a n a lo g  by th e  g e n e ra l  th e rm a l m ethod , in v o lv in g  r e f l u x  in  benzene and 
to lu e n e .  In  an  a t t e m p t  t o  p roduce  th e  molybdenum monomer by r e a c t i o n  
o f  d ip h e n y l  d l t e l l u r i d e  w i th  [TT-CpMo(CO)3] 2 in  benzene a t  s u b - r e f lu x  
te m p e r a tu re s ,  sam ples were removed from th e  r e a c t i o n  m ix tu re  and an a ly z e d  
by I n f r a r e d  s p e c t ro s c o p y .  T h is  le d  to  th e  d i s c o v e ry  t h a t  low -energy  
r a d i a t i o n  cou ld  i n i t i a t e  a  rem ark ab ly  f a s t  c o n v e r s io n  o f  s t a r t i n g  m a t e r i a l s  
to  monomer a t  25°C. T h is  method was used s u c c e s s f u l l y  to  produce both  
th e  t e l l u r i d e  and s e le n id e  monomers, and le d  to  e v id e n c e  f o r  th e  e x i s t e n c e  
o f  t h e i r  s u l f u r  a n a lo g .
E v idence  was found f o r  th e  p re se n c e  o f  monomer fo rm a tio n  even in  th e  
th e rm a l r e a c t i o n s .  T h is  s u g g e s ts  t h a t  th e  f u n c t io n  o f  th e  i r r a d i a t i o n  
i s  to  speed up d i s s o c i a t i o n  o f  e i t h e r  o f  th e  two r e a c t a n t  m o le c u le s .  
However, H a y te r15 I n d ic a t e s  t h a t  i n  r e a c t i o n s  o f  d im e r ic  s u b s t r a t e s  such 
a s  [TT-CfMo(C0)3] 2 w ith  RnE-ERn l i g a n d s  (E •  P, A s, S; R « A lky l o r  a r y l )  
l ig a n d  c le a v a g e  (5 )  a n d /o r  d isp la c e m e n t  o f  ca rb o n  monoxide (6 )  occur 
depend ing  on c o n d i t io n s  and th e  n a tu r e  o f  R. Thus:
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TABLE IX
SUMMARY OF REPORTED DIMERIC tt-CYCLOPENTADIENYLMETAL CARBONYL 
DERIVATIVES, [ n - C 5 H5M(CO)n L ] 2
L i L n M e th o d R e f . C sH s n . m . r .
SMe F e 1 I .  I I 52,25 1+.26
S E t F e 1 I I 25 1+.25
SPh F e 1 I I 25 1+.1+9
PMe2 F e 1 I 1+0 i+.15c
P P h2 F e 1 I 1+0 5 -8 7 ° ,5 * 9 9
AsMe2 F e 1 I 1+0 1+.10
As ( C F 3 ) 2 F e 1 I I ^9 ^■57°
SMe Mo 2 I I I 51 5 .5 0 ,  5-V r
S e P h Mo 2 I d 5 .2
T e P h Mo 2 I d 5-12
FMe2 Mo 2 I 59 5 -2 7 b
AsMe2 Mo 2 I 59 5 .5 1
A s ( C F 3 ) 2 Mo 2 I I 1+9 5 .5 6
PMe2 W 2 I 59 5 -5 9 b
SMe W 2 I I I 51 5.1+9
SMe N i 0 IV 60 - -
S E t N i 0 IV 60 - -
SPh N i 0 IV 60 —
PMe2 N i 0 I 59 1+ .87
P P h 2 N i 0 I 59 l+.8 l+c
AsMe2 N I 0 I 59 1+.90
SMe Co 0 V 52 1+.82
(a)  M e th o d s  o f  P r e p a r a t i o n :
I  f r o m  Ctt- C p MCc o ) ^ ^ ] ^  +  L2  i n  r e f l u x l n g  s o l v e n t s  
I I  f r o m  m onom er T T -C p M tC O j^ jL  b y  d i m e r i z a t i o n  
I I I  f r o m  TT-CpM(CO)n + jH  a n d  L 2  a t  a m b i e n t  t e m p e r a t u r e  
IV  f r o m  (TT-Cp)2 N i n+  RSH 
V f r o m  TT-CpCo(CO)a  +  L 2  i n  r e f l u x l n g  s o l v e n t
( b )  P a r t s  p e r  m i l l i o n .
( c )  M u l t l p l e t .
( d )  T h i s  w o r k .
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T h is  view may be based  on e x p e r ie n c e  w ith  phosphorus and a r s e n i c  l i g a n d s ,  
in v o lv in g  c le a v a g e  o f  P-P and As-As bonds . These a r e  s a id  to  have l a r g e r  
bond e n e r g ie s  than  com parable  S-S bonds1 5 . D isp lacem en t o f  ca rbon  mono­
x id e  (6 )  may compete f a v o ra b ly  w i th  l ig a n d  c le a v a g e  (5 )  when th e s e  l ig a n d s  
a r e  in v o lv ed  in  r e f l u x l n g  hy d ro ca rb o n  s o lv e n t s  such a s  t o lu e n e .  However, 
th e  c le a v a g e  o f  Se-Se and Te-Te bonds r e q u i r e  l e s s  energy  th a n  S-S bonds 
( se e  T a b le  l ) ,  and fo rm a tio n  o f  monomer, found in  t h i s  w ork, c l e a r l y  p r e ­
cedes  carbon  monoxide d isp la c e m e n t  and su b seq u en t  dim er fo rm a t io n .  The 
p re se n c e  o f  e l e c t r o n  w ith d raw in g  groups such a s  pheny l o r  t r l f l u o r o m e t h y l  
on th e  donor atom d e c re a s e s  th e  E-E s t r e n g t h .  T h is  a c c o u n ts  f o r  th e  ob­
se rv ed  p re se n c e  o f  monomer in  r e a c t i o n s  o f  [rr-CpMotCOJale w ith  Asa (CF3 )44® 
o r  d ip h e n y l  d i s u l f i d e  ( r e p o r te d  h e r e ) .
Evidence  h as  been p re se n te d  c o n c e rn in g  th e  r e l a t i v e  s t a b i l i t i e s  o f  
th e  t h r e e  monomers, rr-CpMofCOJaEPh (E « S , Se , and T e ) .  The s u l f u r
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d e r i v a t i v e  was n e v e r  found to  be more th a n  a  m inor c o n s t i t u e n t  o f  th e  
r e a c t i o n  m ix tu re ,  based  on th e  I n t e n s i t y  o f  Vj. ( s e e  T ab le  IV ). The 
se len iu m  d e r i v a t i v e  was produced r a p i d l y  a t  25°C under th e  i r r a d i a t i o n  
c o n d i t i o n s  u se d ,  b u t  i n f r a r e d  s tu d i e s  o f  th e  r e a c t i o n  m ix tu re  a f t e r  
a b o u t  t h r e e  h o u rs  c l e a r l y  r e v e a l  th e  fo rm a t io n  o f  s i g n i f i c a n t  amounts 
o f  d im e r .  The t e l l u r i u m  a n a lo g ,  produced a s  r a p id ly ,  and p ro b ab ly  more 
r a p i d ly  th a n  th e  s e l e n i d e ,  undergoes  d eco m p o s it io n  t o  d im er much l e s s  
r e a d i l y .  These g ro s s  o b s e r v a t io n s  c l e a r l y  i n d i c a t e  t h a t  th e  a b i l i t y  o f  
a ch a lc o g e n  to  s t a b i l i z e  a monomer d e c re a s e  in  th e  o r d e r :
Te > Se >  S (7 )
The r e a s o n  f o r  t h i s  b e h a v io r  may p e rh ap s  be b e s t  a s c r ib e d  to  d i f f e r e n c e s  
i n  th e  p o l a r i z a b i l l t i e s  o f  th e  r e s p e c t i v e  ch a lc o g e n s  ( s e e  T ab le  l ) .  
L ig a n d - to - m e ta l  tt- bonding  cou ld  a l s o  be in v o lv e d ,  b u t  i t s  f u n c t io n  can­
n o t  be d e s c r ib e d .  The fo rm er f a c t o r  f a v o rs  an  in c r e a s e d  p o s i t i v e  ch arg e  
on molybdenum in c r e a s in g  in  th e  o r d e r :
Te <  Se <  S ( 8 )
The a b i l i t y  o f  molybdenum to  form s t r o n g  bonds w ith  th e  ca rb o n y l  groups 
v i a  "b ack  d o n a t io n "  o f  n - e l e c t r o n s  would t h e r e f o r e  d e c re a s e  i n  th e  r e ­
v e r s e  o r d e r ;  i . e . ,
Te >  Se > S (9 )
The c a rb o n y l  s t r e t c h i n g  f r e q u e n c ie s  g iv e n  in  T a b le s  IV and V indeed  r e ­
f l e c t  t h i s  t r e n d .  F u r t h e r ,  th e  t re n d  i s  rep ro d u ced  f o r  th e  tu n g s te n  
a n a lo g s  (T ab le  V) le n d in g  c red en ce  to  th e  r e a l i t y  o f  th e s e  r a t h e r  sm all  
d i f f e r e n c e s .  However, th e s e  d i f f e r e n c e s  o f  o n ly  ^1 0  cm' 1 do n o t  seem 
l a r g e  enough to  s a t i s f a c t o r i l y  e x p la in  th e  s t a b i l i t y  v a r i a t i o n s  observed  
f o r  th e  r e s p e c t i v e  TT-CpMo(C0 ) 3EFh monomers. I t  i s  t h e r e f o r e  a p p a re n t  
t h a t  lo s s  o f  ca rbon  monoxide and su b seq u en t  d im e r l z a t lo n  a n d /o r
o l i g o m e r i z a t i o n  may i n v o l v e  k i n e t i c  ( a s  w e l l  a s  t h e r m o d y n a m ic )  s t a b i l i t y
o f  t h e  m e t a l - c a r b o n y l  a n d  m e t a l  c h a l c o g e n  b o n d s .
R e a c t i o n s  o f  [TT-CpMo(C0)332  w i t h  b o t h  t h e  t e l l u r i u m  a n d  s e l e n i u m  
l i g a n d  s u b s t r a t e s  i m p l y  t h a t  l o s s  o f  c a r b o n  m o n o x id e  l e a d s  t o  d i m e r  f o r ­
m a t i o n .  E v i d e n c e  f o r  a n  a n a l o g o u s  s u l f u r  d i m e r  w as  a b s e n t  f r o m  r e a c t i o n s  
i n  w h i c h  d i p h e n y l  d i s u l f i d e  w a s  e m p l o y e d .
D im e r s  o f  t h e  t y p e  [tT-CpMo(CO)s EPh] '>  h a v e  b e e n  c o n s i d e r e d  t o  h a v e  
s t r u c t u r e s  w i t h  a  p l a n a r  Mo£E2  r i n g  b a s e d  o n  X - r a y  e v i d e n c e 1 5 . T h u s ,  a  
p o s s i b l e  c o n f o r m a t i o n  f o r  [TT-CpMo(CO)2 T e P h ] 2  w o u ld  b e :




Such a  s t r u c t u r e  would n o t  be ex p e c te d  on th e  b a s i s  o f  ev id e n c e  which 
i n d i c a t e s  t h a t  a  monomer i s  formed p r i o r  to  lo s s  o f  ca rbon  d io x id e  and 
d l m e r i z a t i o n .  T h is  s t r u c t u r e  was c o n s id e re d  f o r  th e  complex 
[TT>CpFe(C0 )p(CH3 )2 ]2  and r u le d  o u t  on th e  b a s i s  o f  th e  n .m . r .  d a ta  f o r  
th e  m ethy l p r o to n s 3®.
A c a rb o n y la te d  s p e c ie s  was d e t e c t e d  when eq u im o la r  m ix tu re s  o f  d i ­
phenyl d i s u l f i d e  and [TT-CpMo(CO)3] 2 were s u b je c te d  to  ex tended  r e a c t i o n  
a t  s u b - r e f lu x  te m p e ra tu re  i n  b e n z e n e , b o th  w ith  and w i th o u t  u l t r a v i o l e t  
I r r a d i a t i o n .  T h is  p ro d u c t  was c h a r a c t e r i z e d  by two b road  i n f r a r e d  bands 
a t  1913 and 1863 cm"1 ( s e e  F ig .  l l ) .  These b an d s ,  r e l a t i v e  to  th e  c a r ­
b o n y la te d  s t a r t i n g  m a t e r i a l ,  were c o n s id e r a b ly  w eaker thAn th e  bands due 
to  [TT-CpMo( CO)2TePh]2 and i t s  se le n iu m  a n a lo g .  The p o s i t i o n  o f  the  bands 
and th e  o bserved  g re e n -y e l lo w  a p p ea ran ce  o f  s o l u t i o n s  o f  t h i s  s p e c ie s  
s u g g e s t  I t  may be a  t r im e r  by an a lo g y  w i th  th e  r e p o r t e d  £TT-CpMo(CO)PPh2 ] 3 . 
S i g n i f i c a n t  i s  th e  f a c t  t h a t  th e  se le n iu m  and t e l l u r i u m  d im ers  can be made 
to  s i m i l a r l y  decompose under r a t h e r  v ig o ro u s  c o n d i t i o n s  i n  r e f l u x l n g  s o l ­
v e n t s ,  l e a d in g  to  p ro d u c ts  whose I n f r a r e d  s p e c t r a  compare to  th e  su p ­
posed s u l f u r  t r im e r  ( t e l l u r i u m  - -  1876 and 18U2 cm- 1 ; se le n iu m  - -  1907 
and 1851 cm"1 ) .
Note h a s  been made, in  th e  I n t r o d u c t i o n ,  o f  th e  o bserved  i s o m e r iz a ­
t i o n  o f  d im e r ic  d e r i v a t i v e s  o f  fo rm ula  [fT-CpFe(CO)SR]2  ( R -  Me, E t ,  and 
P h ) .  C o n c e iv a b ly ,  th e  d ec o m p o s it io n s  d i s c u s s e d  above co u ld  in v o lv e  such 
phenomena. The t r i v a l e n t  c h a lc o g e n  atoms in v o lv e  a  py ram ida l s t r u c t u r e  
in  b r id g i n g ,  th u s  a  c i s  o r  t r a n s  r e l a t i o n s h i p  i s  e x p e c te d .  V arious  a r ­
rangem ents  o f  th e  c a rb o n y l  s u b s t i t u e n t s  and th e  rr-bonded c y c lo p e n ta d ie n y l  
group a r i  a l s o  p o s s ib l e  and cou ld  be r e s p o n s i b l e  f o r  numerous iso m ers .
I t  i s  n o t  e x p e c te d ,  how ever, t h a t  e i t h e r  o f  th e s e  c o n s id e r a t i o n s  could
60
FIGURE 11
INFRARED SPECTRUM OF A PRODUCT OF THE EXTENDED 











a c c o u n t  f o r  ( a )  t h e  r a t h e r  m a r k e d  d l m u n i t i o n  I n  i n t e n s i t y  o f  t h e  I n f r a ­
r e d  a b s o r p t i o n ,  ( b )  s h i f t  t o  l o w e r  e n e r g y ,  ( c )  b r o a d e n i n g  o f  t h e  b a n d s  
a n d  ( d )  c h a n g e  I n  t h e  n u m b e r  o f  o b s e r v e d  b a n d s .  T h e s e  o b s e r v a t i o n s  a r e  
p e r h a p s  m o re  i n  a c c o r d  w i t h  l o s s  o f  c a r b o n  m o n o x id e  f r o m  t h e  d i m e r  a n d  
s u b s e q u e n t  f o r m a t i o n  o f  a  t r i m e r i c  s p e c i e s .
A n  a l t e r n a t i v e  s t r u c t u r e  w i t h  t e r m i n a l  r a t h e r  t h a n  b r i d g i n g  c a r b o n y l s  
s h o u l d  a l s o  b e  c o n s i d e r e d .
I t  a p p e a r s  t h a t  a  m a j o r  f a c t o r  c o n n e c t e d  w i t h  t h e  a p p a r e n t  f a i l u r e  
o f  t h e  p h e n y l s u l f i d e  l i g a n d  t o  s t a b i l i s e  a  t e r m i n a l  c a r b o n y l a t e d  d i m e r  
i n v o l v e s  t h e  r e s t r i c t e d  d o n o r - p r o p e r t y  o f  t h e  s u l f u r  a t o m  i n  s u c h  a  com ­
p l e x .  T h i s  f a c t o r  h a s  b e e n  m e n t i o n e d  e a r l i e r  i n  c o n n e c t i o n  w i t h  e a s e  o f  
l i g a n d  c l e a v a g e .  C l e a r l y ,  e l e c t r o n - w i t h d r a w i n g  g r o u p s  s u c h  a s  p h e n y l  
d i m i n i s h  t h e  d o n o r  s t r e n g t h  o f  a n  a t o m .  T h i s  m ay a c c o u n t  f o r  t h e  f a i l u r e
«ya




t h e  m onom er TT-CpM o(C0)aA s(C F3)2  d i m e r i z e d * 9  T he  a b s e n c e  o f  p u b l i s h e d  d a t a  
o n  t h e  a n a l o g o u s  r e a c t i o n  o f  P s C C F a )^  a p p e a r s  s i g n i f i c a n t .
T he  p r e s e n c e  o f  a m o r p h o u s - a p p e a r i n g  s u b s t a n c e s ,  f o r m u l a t e d  
Ctr-CpM(EFh)2 3x (M ■ Mo, V; E ■ S ,  S e ,  T e )  h a s  b e e n  n o t e d .  T h e s e  v e r y  
i n s o l u b l e ,  n o n - v o l a t i l e  s o l i d s  w e r e  p r o d u c e d  i n  r e a c t i o n s  i n v o l v i n g  
Ctt-CPMo(CO)3] 2 a n d  TT-CpV(C0),4 w i t h  e x c e s s  l i g a n d  m a t e r i a l s .  T h e  m o ly b ­
denum  d e r i v a t i v e s ,  h o w e v e r ,  a p p e a r  i n  o n l y  m i n o r  q u a n t i t y  w h e n  e q u i m o l a r  
r a t i o s  a r e  e m p l o y e d .  The e v i d e n c e  p r e s e n t e d  f o r  i n t e r m e d i a t e  m o ly b d e n u m  




H o w e v e r ,  a n a l o g o u s  m e t h y l s u l f i d e  d e r i v a t i v e s  h a v e  b e e n  s t r u c t u r e d  a s  
d i m e r s  w i t h  f o u r  s u l f u r  b r i d g e s  a n d  a  m e t a l - m e t a l  b o n d .  E v i d e n c e  f o r  
t h i s  c o m es  f ro m  X - r a y  s t u d i e s  o f  [ t r - C p M o ( t d t ) ] s  [ t d t  -  (C F g Jg C ^ S ^ )  






A l s o  s i g n i f i c a n t  i s  t h e  r e p o r t  t h a t  m a s s  s p e c t r a l  s t u d i e s  o f  t h e  v a n a ­
d iu m  a n a l o g  o f  (xi) sh o w  i o n s  w i t h  two v a n a d iu m  a t o m s , s u c h  a s  t h e  
p a r e n t  [TT-CpV( t d t ) ] ^ . ® 1
A c a r e f u l l y  m o n i t o r e d  r e a c t i o n  o f  d i p h e n y l  d i s e l e n i d e  a n d  TT-CpVfCO)^ 
h o w e v e r ,  h a s  r e v e a l e d  n o  s i g n  o f  a  c a r b o n y l a t e d  i n t e r m e d i a t e .  T h i s  a p ­
p a r e n t l y  i n d i c a t e s  t h a t  l o s s  o f  c a r b o n  m o n o x id e  i s  r a p i d  a n d  c o m p l e t e d  s o o n  
a f t e r  i t  b e g i n s .  T h e  p a u c i t y  o f  d a t a  f o r  r e a c t i o n s  o f  t h e  TT-CpVfCO)* 
s u b s t r a t e  d o  n o t  a l l o w  s p e c u l a t i o n s  t o  b e  a d v a n c e d  a t  t h i s  t i m e  c o n ­
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